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epigrams attempt to character- 
ize man. He is a social animal, but 
he shares this propensity with the rat! 
and other species. He is a rational biped, 
but he often acts irrationally. Homer Smith 
gets closer to a definition by describing 
him in terms of highly developed con- 
sciousness.” It is this and its corollary, the 
ability to reflect, that makes him the 
supremely expedient animal. Confronted 
with a problem, he solves it, gets around 
it, or rationalizes it, often thereby creating 
new problems, so that the process repeats 
indefinitely. Thus, faced with heavy loads 
and a weak back, his strong mind invented 
the wheel. The wheel led him to make 
roads; roads led to the invention of the 
horse-collar and of wagon springs, and 
ultimately, to the automobile, with all 
its attendant hazards. 

Some of these expedients and solutions 
have been unexpectedly disadvantageous. 
Thus, thanks to human ingenuity, a power- 
ful and vocal part of mankind enjoys 
“the more abundant Life” and is both 
sedentary and overfed. The snake in this 
greasy garden is the high prevalence of 
coronary atherosclerosis, with its sequelae 
of arteriosclerotic heart disease and myo- 


cardial infarction in young men and middle- 
aged men and women. As a nation we feel 
this more than most. However, the problem 
arises in every group capable of relatively 
easy living. Perhaps our economists could 
get better insight into the relative status 
of a country such as Russia from statistics 
on coronary heart disease than from esti- 
mates of production of commodities. 

We do not seem to recognize the fact 
that we have rational, if incomplete, solu- 
tions to this great social problem, nor 
do we act on this knowledge. As Olson*® 
has pointed out, we know as much about 
the real causes of coronary atherosclerosis 
as we do about tuberculosis; Koch’s postu- 
lates have been fulfilled, and, if we still 
cannot explain many cases of coronary 
heart disease, it is also true that we cannot 
explain every case of tuberculosis. Physical 
exercise tends to prevent or delay athero- 
genesis‘; the prevalence of coronary athero- 
sclerosis increases with the use of diets 
rich in calories, especially fat calories and 
particularly most hard fats.> Indeed, diet 
and exercise seem to be largely two sides 
of the same coin. Skeletal and _ heart 
muscle® use more fatty acid for energy 
than they do carbohydrate, and, if diet 
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provides more fat precursors or “‘stress”’ 
mobilizes more fatty acid than the muscles 
use, the excess fat circulates preferentially 
in the beta-lipoproteins. Then, assuming 
the filtration concept of atherogenesis,’ 
some of these fragile and bulky molecules 
decompose in the intima as plasma filters 
through. The soluble protein and miscible 
phosphatide fractions move on; fat and 
cholesterol accumulate, the tissue reacts, 
and atherogenesis begins. 

Of course, this is an oversimplification. 
Heredity, anatomy, arterial pressure, emo- 
tional and endocrine status, and nonlipid 
dietary factors all have to be considered. 
Correspondingly, the report on diet and 
atherogenesis recently released by the 
American Heart Association® includes many 
reservations. Nevertheless, much more di- 
rectly than its predecessor’ it does recom- 
mend ‘‘reduction or control of fat 
consumption under medical supervision, 
with reasonable substitution of poly-un- 
saturated for saturated fats’’ as a possible 
means of preventing atherosclerosis. The 
recommendation applies specifically to cor- 
onary atherosclerosis. There is little or no 
evidence to suggest that diet or exercise 


bear on the genesis of aortic atherosclerosis. 
These may be distinct entities linked by 
misleadingly similar lesions. 

If we were not so given to expedients, 
the way would be clear. In order to prevent 
or delay most coronary atherosclerosis we 
should begin systematic programs of diet 
and exercise in youth and continue these 
through life. Unfortunately, asceticism is 
more admired than practised. The search 
for medicinal expedients began years ago. 
The first was iodide. Given to rabbits in 
doses that cause iodism in man, it delayed 
atherogenesis by impairing their appetite 
for fat and cholesterol diets. It may have 
had some specific antiatherogenic effects, 
related possibly to formation of thyroid 
analogues, with small, fleeting oxidative 
and large lipopenic effects. Soya lecithin 
was advocated: it is moderately distasteful, 
fairly bulky, suppresses appetite, and pro- 
vides unsaturated fat. Recently, unsatu- 
rated fat has been used as such; it also 
inhibits appetite and, isocalorically sub- 
stituted for saturated fat, lowers the level 
of serum lipid and cholesterol. More practi- 
cal, but more appetizing, is substitution 
of unsaturated for saturated fat in palatable, 
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norma! diets.!° Lipocaic, among other agents, 
may jiave some effect on transport of fat, 
and injected heparin certainly has. Another 
approach is to impair intestinal absorption 
of cholesterol directly, as with sitosterol, 
or indirectly by sequestering cholic acid," 
again with the requirement of bulky before- 
meal medication. Lastly, large doses of 
nicotinic acid often depress serum choles- 
terol. The mechanism of this action is not 
clear; liver damage has been described, 
and effective doses usually provoke dis- 
tressing side effects of flushing and pruritus. 
In brief, none of these expedients is really 
convenient. 

The ideal would be an agent that, in 
small doses, would specifically -decrease 
availability of cholesterol for beta-lipopro- 
tein synthesis. Among agents tested, phenyl- 
propionic acid has this effect on liver 
slices; the data are not convincing that it 
has hypocholesterolemic effect in vivo. A 
much more regularly effective agent was 
thoroughly discussed at a conference held 
in December, 1959.!2 This compound, 
MER-29 (triparanol), inhibits saturation 
of the Co4-Cso5 double bond (Fig. 1). The 
inhibition results in a new  body-sterol 
equilibrium in which the immediate pre- 
cursor of cholesterol, desmosterol, sub- 
stitutes for some of the cholesterol of blood 
and non-neural tissues. If substitution were 
all that occurred, and if-desmosterol were 
as atherogenic as cholesterol—so far, no 
one knows whether it is or is not—the 
compound might be only of academic in- 
terest. What makes it important is that 
accumulation of desmosterol seems to slow 
down synthesis of its precursors, so that 
the total body-sterol pool decreases. The 
dynamic equilibrium of cholesterol then 
tends to deplete cholesterol from storage 
sites, including experimental atheroma. 

The remarkable thing is that this de- 
pletion seems to occur clinically in patients 
with arteriosclerotic heart disease. This has 
not been directly demonstrated, except 
that regression of xanthelasma in a hy- 
percholesterolemic patient given MER-29 
suggests that it may occur (Fig. 2). How- 
ever, studies of more than 1 year’s duration 
at the time of the Conference, and more 
than 2 years now, indicate that a sub- 
stantial proportion of patients with angina 
pectoris improve, with reversion toward 


normal of electrocardiographic changes in 
some and decreases in serum cholesterol 
and lipid in most, especially in those 
initially hyperlipemic. Of course, angina 
is a difficult thing to evaluate. It can 
improve “‘spontaneously”’; it is highly con- 
ditioned by emotions and suggestions; ni- 
troglycerin requirement is a more or less 
dubious datum; even exercise tolerance 
tests may be misleading measures of chang- 
ing status. Hence, the impact of the evi- 
dence lies more in its mass and direction 
than in any single criterion that proves 
what indirect evidence suggests is regres- 
sion of atheromata. 

Few undesirable side effects were de- 
scribed at the Conference. For the most 
part, these were rashes and gastric irrita- 


Fig. 2. Equal magnifications of xanthelasma of the 
left eyelid before (above) and after (below) 6 
months of treatment with MER-29. The serum 
cholesterol before was about 300, and during treat- 
ment about 160 mg. per 100 ml. 


« 

‘ 
“tite 
= 
= 
. 


434 Corcoran 


tion in about the proportion that would 
occur from taking aspirin. The manu- 
facturer’s current estimates indicate that 
these occur in less than 2 per cent of 
patients. Specific toxic effects were not 
observed even when the dosage was in- 
creased to as much as 10 times the usual 
250 mg. daily; large doses do not further 
impair hepatic function in patients with 
liver disease, although they may have 
little effect on the low levels of serum 
cholesterol in these patients.” In this re- 
spect, MER-29 differs substantially from 
Benzmalacene, an agent that interferes 
with the acetate conjugations that are the 
first steps in cholesterol synthesis. Since 
such conjugations underlie many other 
important reactions, it is not surprising 
that the drug was unpleasantly hepato- 
toxic.'* Thus, the low toxicity of MER-29 is 
a result of its acting only on the last step 
in cholesterol synthesis. Recently, very 
large doses of MER-29 have been reported 
to impair adrenal cortical response to 
ACTH,” possibly by limiting the available 
supply of adrenal cholesterol. However, 
among patients taking the drug in doses of 
250 or 500 mg. daily for months or years, 
signs of deficient adrenal function have not 
been recognized. 

MER-29 was marketed about a year 
ago and with a vastly better background 
of basic and clinical study than most 
agents, including, for example, sulfanil- 
amide. Physicians’ opinions as to its ef- 
fectiveness vary. Some, whose first pa- 
tients responded well, are enthusiastic; 
some have been disappointed by transient 
responses, and others discouraged by ex- 
amples of resistance. The lack of unanimity 
is understandable because few physicians 
can provide truly adequate pretreatment 
and post-treatment data from sufficient 
numbers of patients to formulate definite 
opinions based on personal experience. 
Some may start the drug shortly after a 
myocardial infarct has already altered serum 
cholesterol,'® and some give it with other 
possibly hypocholesterolemicagents, or they 
may restrict or, more often, relax dietary 
control at the time it is prescribed. 

The proportion of patients who respond 
by a decrease in serum cholesterol is 
usually described as 4 out of 5. A pre- 
liminary review of our experience with 
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Dr. Henry Zimmerman suggests that it is 
closer to 3 out of 5. However, this expe- 
rience includes 20 hospitalized patients 
whose courses of observation averaged only 
2 weeks, some of whom had recent myo- 
cardial infarcts, and 50 office patients 
whose course of observation by Dr. Zim- 
merman averaged 6 months. Of these 50, 
27 showed definite (more than 10 per cent 
decrease) and 5 doubtful responses; 2 of 
the nonresponders did respond when dosage 
was increased to 500 mg. daily, 3 had low 
levels of serum cholesterol to start with, 
and 7 were on heparin at the time treatment 
was started. Most of the patients had 
asymptomatic arteriosclerotic heart disease 
to start with and felt neither better nor 
worse as a result of treatment. Some 
described a feeling of well-being which 
may have reflected their conviction that 
they now saw a way out of a seemingly 
hopeless situation or their relief at re- 
laxation of strict dietary control. A few 
seemed to be actually improved. Thus, a 
woman with essential hypercholesterolemia, 
whose serum level fell from 750 to about 
400 mg. per 100 ml. on 250 mg. of MER-29 
daily, described disappearance of angina; 
interestingly, this recurred at a serum 
cholesterol of 250 mg. per 100 ml. when 
4 mg. of dextro-thyroxine was added to her 
regimen. A personal communication from 
Dr. Jorge Martins de Oliveira, of Rio de 
Janeiro, describes relief of angina in 25 
of 30 patients under treatment; in 6 this 
was associated with electrocardiographic 
improvement; group means of serum levels 
of cholesterol and beta-lipoprotein 
decreased, whereas alpha-lipoprotein 
creased. Neither Dr. Zimmerman’s nor 
Dr. Martins’ series indicated the appear- 
ance of major side effects attributable to 
the drug. 

Webster’s New World Dictionary lists 
two meanings of the term expedient, i.e., 
“something useful for effecting a desired 
result’”’ or “based on or offering what is of 
use or advantage rather than what is right 
and just.” In brief, an expedient must be 
effective and it may be either ‘‘good’”’ or 
“bad.”’ Possibly the procedure best di- 
rected toward delaying onset of coronary 
arteriosclerosis would be a wholesale, fairly 
drastic change in exercise and dietary 
patterns from youth on. But this might be 
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injurious to some and ineffective in most 
if it were vigorously and indiscriminately 
applied to people of middle age, some of 
whom have already significant arterio- 
sclerotic heart disease. Certainly these peo- 
ple do require reasonable, individualized, 
acceptable hygienic guidance. Many need 
more than this, especially those who are 
hypercholesterolemic, i.e., those who have 
a serum cholesterol over about 2-40 mg. 
per 100 ml. For most of these, MER-29 
seems to be fairly effective and, to use the 
moral judgment, ‘‘right and just,’’ and 
therefore the best simple expedient avail- 
able. What the drug can do by itself 
toward preventing coronary atherosclerosis 
we will not know until systematic longi- 
tudinal surveys have compared prevalences 
of arteriosclerotic heart disease in large 
numbers of control and treated subjects 
over several years. 


REFERENCES 


. Zinsser, H.: Rats, lice and history, Boston, 
1935, Little, Brown and Co. 

. Smith, H. W.: The biology of consciousness in 
the historical development of physiological 
thought, edited by Chandler M. Brooks, New 
York, 1959, Hafner. 

. Olson, R. E.: Diet and coronary artery disease, 
Circulation 22:453, 1960. 

. Morris, J. N., and Crawford, M.D.: Coronary 
heart disease and physical activity of work, 
Brit. M. J. 2:1485, 1958. 

. Keys, A.: Diet and the epidemiology of coro- 
nary heart disease, J.A.M.A. 164:1912, 1957. 


Rothlin, M., and Bing, R. J.: Extraction of 
individual fatty acids by the heart, (Abstract) 
J. Lab. & Clin. Med. 56:942, 1960. 

Page, I. H.: Lewis Connor Lecture, Athero- 
sclerosis. An’ introduction, Circulation 10:1, 
1954. 

Report by the Central Committee for Medical 
and Community Program of the American 
Heart Association: Dietary fat and its relation 
to heart attacks and strokes, Circulation 23:133, 
1961. 

Page, I. H., Stare, F. J., Corcoran, A. C., 
Pollack, H., and Wilkinson, C. F.: Athero- 
sclerosis and the fat content of the diet, Cir- 
culation 16:163, 1957. 

Brown, H. B., and Page, I. H.: Variable re- 
sponses of hyperlipemic patients to altered 
food patterns, J.A.M.A. 173:248, 1960. 


. Tennent, D. M., Siegel, H., Zanetti, M. E., 


Kuron, G. W., Ott, W. H., and Wolf, F. J.: 
Plasma cholesterol lowering action of bile acid 
binding polymers in experimental animals, J. 
Lipid Res. 1:469, 1960. 

Conference on MER-29 (Triparanol). Irving 
S. Wright, Chairman. Prog. Cardiovas. Dis. 
2:No. 6 (Part 1, May) 1960. 

Ruskin, A.: The hypocholesterolemic effect 
of triparanol (MER-29) in man, A.M.A. Arch. 
Int. Med. 106:803, 1960. 

Page, I. H., and Schneckloth, R. E.: Hypo- 
cholesterolemic effect of Benzmalacene, Cir 
culation 20:1075, 1959. 

Melby, J. C., St. Cyr, M., and Dale, S. L.: 
Reduction of adrenal steroid hormone produc- 
tion in healthy adults and patients with hyper- 
adrenalism by an inhibitor of cholesterol bio- 
synthesis, New England J. Med. (In press.) 
Dodd, Sir C., and Mills, G. L.: Influence of 
myocardial infarction on plasma _ lipoprotein 
concentration, Lancet 1:1160, 1959. 


J, 
51 
6. 
is 
7. 
y 
8. 
), 
t 
f 
e 
10. 
12. 
13. 
‘ 
t 
1 
1 14. 
2 
) 15. 
3 
© 
4 
16. 
5 
« 


Clinical 
communications 


Contributions to the functional 


morphology of the P wave 


Desiderio Gross, M.D. 
Santiago, Chile 


Y lechnical progress has greatly facili- 
tated a more detailed analysis of the 


P wave by means of scalar electrocardiog- 
raphy (high-fidelity electrocardiography') 
and by electrical dissection of the vector- 
cardiogram (differential vectorcardiogra- 
phy”). Nothwithstanding, the conventional 
electrocardiogram still supplies a major 
amount of information on this wave. Much 
effort has been expended on increasing our 
knowledge of atrial activity. The original, 
but laborious, method of Abildskov’ for 
the study of atrial activation, and the 
simple but practical criteria of Macruz 
and associates‘ for the recognition of atrial 
enlargement serve the same purpose. 

In the present study, using the conven- 
tional electrocardiogram, some morphologic 
particularities of the P wave have been 
investigated by methods not previously 
employed. 

The normal peaked P wave and especi- 
ally its pathologic counterpart present a 
triangular shape, the angles of which can 
be easily and accurately measured. With 
certain limitations, the same method can 
also be applied to the study of the rounded 
P waves. Therefore, the angular structure 
of the normal P wave was investigated, 
and its correlation with cardiac rate and 
with age was established. The concept of 
rising time and rising velocity in normal 
subjects has been established. 

The electrocardiographic pattern of pul- 
monale P wave was investigated by means 
of these new criteria in patients with 
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chronic cor pulmonale. Acute pulmonale 
P was produced experimertally by breath- 
ing against manometric pressure and was 
analyzed in detail. Finally, the ratio of 
Macruz was systematically investigated in 
normal subjects and in subjects with 
chronic and experimentally produced acute 
right atrial overload, and its diagnostic 
value was critically assessed. 


- Methods and material 


The conventional electrocardiogram re- 
corded by a Sanborn Instomatic electro- 
cardiograph with the subject in the recum- 
bent position was used in the present study. 
According to the shape of the P wave, 
records were divided into two groups, 
those with peaked and those with rounded 
apex. For exact quantitation a magnifying 
lens was constantly used. A peaked P wave 
was considered to be present when the 
sharp pointed apex lasted not more than 
0.01 second. Any other P waves with a 
longer-lasting apex with rectilinear or 
curvilinear configuration was considered 
to be rounded. All measurements were 
made in Lead II only. The height of the 
P wave was measured in millimeters, from 
the upper level of the base line to the peak 
of P. Duration of the P wave was deter- 
mined from the onset of the P wave to the 
onset of the P-R segment. The P-R inter- 
val was measured from the onset of the P 
wave to the onset of the QRS complex and 
expressed in hundredths of a second. Dura- 
tion of the P-R segment was calculated by 
substracting the length of the P wave from 
the length of the P-R interval. The surface 
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area of the P wave was calculated by multi- 
plying height with duration and then divid- 
ing this sum by 2. The result is expressed 
in microvolt-seconds (mvs). The rising 
time was determined (Fig. 1) by measur- 
ing the length of the projection of the as- 
cending limb of the P wave on the base 
line. For this purpose a vertical line was 
dropped from the apex, and the distance 
from the onset of the P wave to the inter- 
section of the vertical with the base line 
was measured and expressed in hundredths 
of a second and as a percentage of the dura- 
tion of the P wave. The rising velocity of 
the P wave was calculated by dividing the 
height of the P wave by the rising time 
and was expressed in millimeters per 0.01 
second. 

All these definitions refer to the peaked 
P waves, the exclusive subject of the 
present study. 

The index of Macruz was calculated by 
dividing the duration of the P wave by the 
length of the P-R segment as described 
previously. 

Of the angles which form the atrial 
triangle, only angles a and 6 were measured 
directly, whereas angle y was calculated ac- 
cording to the formula y = 180°—(a+ 8). 
The ascending and descending limbs of the 
peaked P wave in normal cases and especi- 
ally in cases with abnormally increased 
height can easily be extended by using a 
ruler. The angle formed by the lines of pro- 
longation of the limbs of the P wave with 
the horizontal lines of the electrocardio- 
graphic record can be accurately measured 
by a goniometer. 

For the study of experimentally produced 
acute pulmonary P the following method 
was used (Gross). After the conventional 
electrocardiogram had been recorded with 
the subject in the decubitus position, an 
ordinary blood pressure apparatus was 
placed on a table at the side of the recum- 
bent subject and at the height of his line 
of vision, so that he could observe the 
movement of the column of mercury dur- 
ing the performance of the test. Cuff con- 
nection of the apparatus was removed and 
replaced by a rubber tube, 50 cm. in length, 
provided with a convenient glass mouth- 
piece. The subject was instructed to blow, 
after a deep inspiration, into the tube con- 
nected with the manometer so as to elevate 
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Fig. J. The angular structure of the P wave and 
geometrical representation of the rising time and 
rising velocity. ap): Apex of the peaked P wave. 
a’: Projection of the apex on the base line. i-a’: 
Rising time. h/rising time: Rising velocity. a’-e: 
Fall time. r: Summit of the rounded P wave. 


the column of mercury above 60 mm. and 
to sustain it for 15 seconds. 

The correlation between the P wave and 
different cardiac rates was studied in 
groups, each containing 30 records from 51 
to 110 beats per minute. Average values 
were calculated in each group. The corre- 
lation between the P wave and age was 
studied in three groups. The young age 
group comprised subjects under 20 years 
of age; the middle-aged group, subjects 
between 21 and 50 years of age; and the 
old age group, subjects over 51 years of 
age. 


Results 


Normal peaked P wave. Table I repro- 
duces all the corresponding measured data. 

Correlation between normal peaked P wave 
and cardiac rates (Table II). According to 
the observed data, cardiac rates cause 
change in the morphology of the P wave, 
in a certain sense, but there is a lack of 
strict quantitative parallelism. 

Correlation between normal peaked P wave 
and age (Table III). The influence of age 
on the morphology of the P wave is very 
definite. The height of the P wave decreases 
but its duration and surface area increase 
with increasing age. The rising time in- 
creases and the rising velocity decreases 
very clearly with advancing years. The 
duration of the P-R interval is prolonged. 
Angle a decreases progressively, whereas 
the apical angle y enlarges with increasing 
age. The index of Macruz also increases. 
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Fig. 2. Characteristic changes observed in two cases. 


Cardiac patients presenting pulmonary 
P pattern.(Table I). The pulmonary P wave 
in Lead II is 86 per cent higher, of equal 
duration, discloses a surface area 77 per 
cent larger than the normal P wave, pre- 
sents a 3 per cent shorter rising time, and 
a rising velocity 82 per cent greater than 
the normal P wave. The P-R interval re- 
mains unaltered. The ratio of Macruz in- 
creases by 12 per cent. Both angles of the 
base of the atrial triangle increase, angle a 
by 38 per cent and angle 8 by 31 per cent. 
Consequently, angle y decreases by 38.5 
per cent. 

Healthy subjects presenting experimentally 
produced acute pulmonary P wave. Fig. 2 
shows tracings that very distinctly exhibit 
all the characteristic changes observed in 
this test. 

CASE 1. Healthy male subject, 43 years 
old. The resting electrocardiogram pre- 
sented normal sinus rhythm with 83 beats 
per minute. The P wave was 1.4 mm. in 
height, 0.11 second in duration, and its 
surface area measured 7.7 mvs. The rising 
time was 0.06 second; that represented 55 
per cent of the duration of the P wave. The 
rising velocity measured 0.35 mm. per 0.01 
second. Duration of the P-R interval was 
0.17 second, and the index of Macruz was 
1.83. Angle a measured 48°, angle 8 65°, 
and angle y 67°. The electrocardiogram 
registered during expiratory effort re- 
vealed a cardiac rate of 128 beats per 
minute, i.e., an acceleration of 41 beats per 
minute (+49 per cent). The acutely pointed 
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P wave presented a height as great as 3.0 
mm. (+ 114 per cent) and a duration of 0.10 
second (—9 per cent). The surface area meas- 
ured 15.0 mvs (+94 per cent). The rising 
time was 0.04 second (—43 per cent), repre- 
senting 40 per cent of the duration of the 
P wave. The rising velocity increased to 
0.43 mm. per 0.01 second (+23 per cent). 
Duration of the P-R interval shortened to 
0.14 second (—18 per cent). The index of 
Macruz increased to 2.5 (+37 per cent). 
Angle a@ measured 60° (+25 per cent), 
angle 6 72° (+10 per cent), and angle y 
48° (—29 per cent). 

CASE 2. Young man, 30 years old. The 
resting electrocardiogram showed a regular 
sinus rhythm of 71 beats per minute. The 
height of the P wave measured 1.0 mm., 
and the duration was 0.10 second. Conse- 
quently, the surface area was 5.0 mvs. The 
rising time measured 0.045 second, 45 
per cent of the duration of the P wave. The 
rising velocity was 0.25 mm. per 0.01 
second. The P-R interval measured 0.16 
second in length. The index of Macruz had 
a value of 1.66. Angle a was 55°, angle 8 64°, 
and angle y 61°. During expiratory effort 
the following alterations were observed. 
Cardiac rates increased to 107 beats per 
minute (a difference of 36 beats, +50 per 
cent). The height of the P wave increased 
to 3.2 mm. (+220 per cent) and lasted 0.08 
second (—20 per cent). Therefore, the 
corresponding surface area measured 12.8 
mvs (+156 per cent). The rising time in- 
creased to 0.06 second (+33 per cent), and 
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the rising velocity to 0.53 mm. per 0.01 
second (+112 per cent). The P-R interval 
was 0.12 second in length (—25 per cent). 
The Macruz index was 2.0 (+20 per cent). 
The angle a was then 60° (+9 per cent), 
angle 8 83° (+29 per cent), and angle y 
37° (—40 per cent). 

Table IV contains all pertinent data 
observed in this group of 15 subjects. As a 
conclusion, we may state that expiratory 
effort caused acceleration of the heart rate 
by an average of 35 beats per minute. The 
height of the P wave increased by 48 per 
cent, its duration shortened by 17 per 
cent, and its surface area increased by 91 
per cent. The rising time was prolonged by 
22.5 per cent, and rising velocity increased 
by 73 per cent. The P-R interval was 
shortened by 17.5 per cent. The index of 
Macruz increased by 17 per cent. The 
basal angles of the atrial triangle @ and 
8 increased, 27 and 28 per cent, respectively, 
and the apical angle y decreased by 38 
per cent. 


Discussion 


The morphogenesis of the P wave is 
settled almost satisfactorily. Opinion is 
unanimous that the ascending limb of the 
P wave corresponds to the activation of 
the right atrium. Septal activation corre- 


chronic cor pulmonale 


Table 1. The linear and angular structure of the peaked P wave in normal condition and in 
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lates with the inscription of the ascending 
segment of the P wave. Left auricular 
activation is related partly to the ascend- 
ing portion and partly to the middle and 
lower third of the descending portion of 
the P wave. This correlation refers to the 
conventional Lead II, where all morpho- 
logic particularities of the P wave are most 
clearly present. Correlation of the rounded 
P wave to atrial activation is more specula- 
tive; in the present study the investigation 
is limited exclusively to the peaked P 
waves as inscribed in Lead II. 

The magnitudes of the normal P wave 
observed in this study are in perfect ac- 
cordance with general experience. The 
height of the P wave—1.24 mm. + 0.42 
(0.5 to 2.5 mm.)—is of the same order of 
magnitude as that indicated by Ashman 
and Hull,® i.e., 1.25 mm. (0.3 to 2.5 mm.), 
by Sano and associates,’ i.e., 1.3-1.4 mm. 
(0.5 to 2.5 mm.), and by Stewart and 
Manning,® i.e., 1.4 mm.+ 0.53. The dura- 
tion of the P wave was 0.097 second + 
0.014 (0.06 to 0.12 second), whereas the 
corresponding values indicated by other 
authorities were: 0.09 second + 0.015 (0.07 
to 0.12 second) by Sano and associates,’ and 
0.09 second (0.06 to 0.11 second) by Macruz 
and associates. 

The height of the P wave indicates the 
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Table 11. Correlation between normal peaked P wave and cardiac rates (average values) 


| 
| | Sur- | Rising time 


Fali time 


Rising Angle® 


velocity P-R Ma- 


rate (mm.) | tion area 


Cardiac | Height | Dura- | face 
(min.) (sec.) = 


sec. | % 


(mm./0.01\ (sec.) | cruz 
sec.) index 


61-70 0.095 .055 
71-80 0.102 .050 
81-90 0.096 .052 
101-110 


0.220 
0.182 
0.289 
0.283 
0.306 
0.283 


magnitude of electrical potential produced 
during atrial activation, and the time 
interval required for its development, 
measured from the onset of the P wave up 
to its maximal expression, is called the 
rising time of the P wave. The average 
duration of the rising time in subjects with 
normal P waves measures 0.0512 second + 
0.0137; that represents 53.3 per cent + 10.3 
of the duration of the P wave. On the other 
hand, the rising time represents, geometri- 
cally, the length of the projection of the 
ascending limb of the P wave on its base 
line. Therefore, its relative duration indi- 
cates that the normal peaked P wave is 
built slightly asymmetrically because the 
projection of its peak on the base line is 
deviating to the left of the center by 3.3 
per cent. 

The rising velocity of the P wave ex- 
presses that height of this wave which 
arises during 0.01 second, supposing that 
velocity is constant. Rising velocity means 
a combined function of the atrial myocar- 
dium: its capacity to engender electrical 
potential and its conductivity. Normally 
the rising velocity measures 0.286 mm. 
per 0.01 second + 0.111, which ranges 
from 0.10 to 0.75 mm. per 0.01 second. 

In the present study the magnitudes of 
the angles of the atrial triangle were meas- 
ured exactly. The reliability of this pro- 
cedure could be demonstrated by duplicate 
measurements. In 50 cases a second meas- 
urement was performed at 20 to 30 days 
after the first determination. The average 
difference between the two measurements 
amounted to + 3.2° (—5° to 8°). 

The angular configuration of the normal 
peaked P wave was as follows. The ascend- 


ing limb formed with the base line the angle 
a, which had a magnitude of 44° + 9.6, with 
a range from 20° to 77°. The descending 
limb of the P wave returned to the base 
line, determining the angle 8, which had 
an average magnitude of 51.5° + 10.3, 
with a range from 22° to 73°. The apex 
of the P wave was formed by the angle 7, 
which had an average magnitude of 84.5°+ 
19.7, with a range from 41° to 122°. Conse- 
quently, the normal peaked P wave was 
slightly asymmetrical because of the dif- 
ferent magnitudes of angles a and £. 

The influence of cardiac rates on these 
fundamental elements of the P wave can- 
not be definitely settled. The height of the 
P wave tends to increase with increasing 
cardiac rates. The duration of the P wave 
remains practically unaltered at different 
cardiac rates. Similarly, Shipley and Hal- 
laran,? and Ashman and Hull® were unable 
to demonstrate any relationship between 
heart rate and duration of the P wave. 
The rising velocity shows a direct corre- 
lation with cardiac rates. Its average at 
low cardiac rates measured 0.201 mm. per 
0.01 second, at medium cardiac rates 
0.286 mm. per 0.01 second, and at high 
cardiac rates 0.295 mm. per 0.01 second. 

The two basal angles of the atrial triangle 
tend to increase, and the apical angle to 
decrease with increasing cardiac rates. 
At low cardiac frequencies, angle a presents 
its smallest values: 41.9° and 39.5°. At 
moderate and fast cardiac rates it increases, 
exhibiting approximately identical values 
of 46° and 45°. The behavior of angle 8 is 
similar. The behavior of the apex angle is 
opposite to that of angles a and 8. 

Age definitely influences myocardial func- 
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tion and, therefore, the electrocardiogram. 
Simonson!” states that age is the most im- 
portant biologic variable of the normal 
electrocardiogram and is responsible for 
a large number of false diagnoses in older 
people. The present observations reveal 
that the height of the P wave decreases 
and its duration increases with advancing 
age. 

Rising time and rising velocity of the 
P wave are defined as functional manifesta- 
tions of the atrial myocardium and are 
clearly influenced by age: the rising time 
in the young age group averaged 0.0417 
second (i.e., 45.7 per cent of the duration 
of the P wave); hence the projection of 
the peak of the atrial triangle fell to the 
right of its base, deviated from the center 
by 4.3 per cent. In the middle-aged group, 
rising time averaged 0.0469 second, 49.4 
per cent of the duration of the P wave, 
so that in this group the peaked P wave 
was symmetrical, the projection of its 
peak falling on the center of its base. In 
the group of aged subjects (over 51 years 
old) the rising time was prolonged. Its 
average measured 0.0595 second, i.e., 60.9 
per cent of the duration of the P wave. The 
projection of the peak of the P wave was 
markedly deviated to the left (10.9 per 
cent from the center). Influence of age on 
the shape of the P wave can thus be sum- 
marized as follows: the peaked P wave is 
symmetrical in middle-aged subjects, but 
asymmetrical with its peak deviated to the 
right in young subjects and to the left in 
older subjects. 

Rising velocity presents the same de- 
pendence on age as voltage or conduc- 
tion. In the subjects under 20 years of 
age, rising velocity averaged 0.31 mm.; in 
the middle-aged subjects it averaged 0.26 


mm.; and in those over 51 years of age it 
decreased to an average of 0.20 mm. per 
0.01 second. The progressive diminution 
of rising velocity of the normal P wave 
represents a hitherto undescribed mani- 
festation of diminished functional capacity 
of the atrial muscle caused by aging. 
There is a close correlation between the 
angular structure of the P wave and age. 
The average magnitude of angle a in the 
youngest age group was 48.7°, in the mid- 
dle-aged group it was 45°, and in the old 
age group it exhibited its minimal magni- 
tude of 41.9°. The behavior of angle 8 was 
similar. Angle y, representing the angular 
magnitude of the apex, showed an opposite 
trend with increasing age. Measured in 
the young age group its average was 82.5°; 
in the middle-aged group it was 83.2°, and 
its maximal value of 86.9° was found in the 
old age group. Consequently, the angular 
elevation of the ascending limb of the 
peaked P wave decreases and the angular 
magnitude of the apex increases with age. 
Right atrial overactivity was studied in 
a group of 30 patients suffering from chronic 
pulmonary disease (emphysema, chronic 
bronchitis, bronchial asthma). The height 
of the P wave measured 2.31 mm. + 0.36, 
with a range from 1.6 to 3.0 mm. (an aver- 
age increase of 86 per cent). Sano and 
associates’ found in similar cases P waves 
that were 2.3 mm. in height; Zuckerman 
and associates," in 50 cases of chronic cor 
pulmonale, measured 1.9 mm. (0.8 to 
3.7 mm.), and Oliveira and Zimmerman," 
2.7 mm. (2.0 to 3.0 mm.). Duration of the 
P wave averaged 0.096 second + 0.014, 
identical with normal findings. Rising 
time measured 0.05 second + 0.013 (2.4 per 
cent shorter than the normal, representing 
51.7 per cent of the duration of the P wave). 


Table I11. Correlation between normal peaked P wave and age (average values) 
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face time 
area 
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sec.) 


48.7 48.8 82.5 
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047 50.6 0.26 
040 39.1 0.20 


041 45.7 
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Table IV. Acute P pulmonale produced by breathing against manometric pressure 
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EE: Expiratory effort. 


According to the geometrical significance 
of the rising time the pulmonary P wave 
is traced almost symmetrically, because 
projection of its peak deviates from the 
center to the left of the base line only by 
1.7 per cent. The rising velocity was 0.475 
mm. per 0.01 second + 0.152 (0.17 to 
0.77 mm. per 0.01 second), corresponding 
to an increase of 82 per cent. 

The basal angles of the pulmonary P 
wave are wider than normal. Angle a mea- 
sured 60.7° + 8.7 (increased by 37.9 per 
cent), and angle 8 was 67.3° + 6.0 (in- 
creased by 30 per cent). The angle y of 
the apex was decreased (on an average, 
52.0° + 11.5), indicating a diminution of 
38.5 per cent. ; 

Birger,” in 1926, investigated the elec- 
trocardiographic changes that appear dur- 


ing expiratory effort (experiment of Val- 
salva) during breathing against manometric 
pressure. This author observed increased 
height of the P wave in every case. This 
method was employed to investigate the 
morphologic particularities of experiment- 
ally produced acute pulmonale P wave. 

Breathing against manometric pressure 
produced the tallest of all the P waves 
examined. The average height was 2.73 
mm., 120 per cent greater than our average 
normal standard, with ranges from 1.5 to 
4.0 mm. The average duration measured 
0.0866 second; the shortest and the average 
surface area was 11.72 mvs, the largest of 
all cases studied. Rising time averaged 
0.0573 second, prolonged by 12 per cent as 
compared with the normal standard, repre- 
senting 66.4 per cent of the duration of the 
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P wave. Both figures indicate that the pro- 
jection of the peak on the base of the atrial 
triangle is eccentric, deviating from the 
center to the left by 16.4 per cent, and that 
the trigonometric structure of the atrial 
triangle is most asymmetrical. The average 
rising velocity was 0.49 mm. per 0.01 
second, 104 per cent greater than in normal 
cases. Measurement of the angular magni- 
tude of this experimentally produced acute 
P pulmonale confirmed its skewness. Angle 
a measured 60.1°, and angle 8 72.6°; the 
average difference between the two basal 
angles was 12.5°, 60 per cent greater than 
in normal cases. Angle y was the most 
diminished, measuring 47.3°, i.e., 44 per 
cent less than the normal average. The 
marked diminution of angle y is apparent 
on simple inspection. 

The exact mechanism of production of 
the electrocardiographic pattern of pulmo- 
nary P is unknown. Positional changes, 
more vertically directed P vector, increase 
of muscle mass with or without enlarge- 
ment of the right auricular cavity, and 
increased sympathetic nervous tone are 
frequently present. Low oxygen saturation 
of the arterial blood plays a predominant 
role. However, in some cases the pulmonary 
P pattern can clearly be observed in the 
absence of any atrial abnormality (Mack 
and Snider"). 

Experiences with the Macruz index. 
Macruz and associates‘ formulated simple 
quantitative criteria based on the con- 
ventional electrocardiogram for the recog- 
nition of right and left atrial enlargement. 
According to these authors, in normal con- 
ditions the duration of the P wave related 
to the duration of the P-R segment is 
relatively constant, presenting an average 
value of 1.2, with ranges from 1.0 to 1.6. 
In cases of right atrial enlargement the 
duration of the P wave remains unaltered 
but the P-R interval increases, so that the 
ratio of P to P-R segment falls below the 
normal range. On the other hand, left atrial 
enlargement causes an increase in the du- 
ration of the P wave and a shortened P-R 
segment, and, consequently, the ratio of 
P to P-R segment rises above the normal 
limit of 1.6. This simple test has been widely 
used in recent years and has been inten- 
sively investigated in the present study. 
Our experiences differed from those re- 
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ported by Macruz and collaborators. In 
180 normal records the average ratio was 
1.52, which figure agrees with that of the 
authors mentioned, but the ranges were 
extremely wide, varying from 0.7 to 5.0. 
Distribution was as follows: less than 1.0, 
indicating right atrial enlargement, was 
observed in 30 cases (16.7 per cent); normal 
values of 1.1 to 1.6 were present in 65 
cases (36.1 per cent), and greater than 
normal values were observed, indicating 
left atrial enlargement in 85 cases (47.2 
per cent). Greater than normal ratios were 
observed in the following order: 1.7 to 2.0 
in 45 cases (25.0 per cent); 2.1 to 3.0 in 
33 cases (18.3 per cent); 3.1 to 4.0 in 4 
cases (2.2 per cent); and 4.1 to 5.0 in 3 
cases (1.7 per cent). Consequently, in 
perfectly healthy individuals the Macruz 
criteria are concordant with normalcy 
in 36.1 per cent only, whereas they indicate 
abnormal conditions of the atria (some- 
times very pronounced) in 63.9 per cent 
of these cases. 

Macruz and associates state that cardiac 
rates exert no significant effect on the 
magnitude of the ratio. According to our 
experience, the index of Macruz gives a 
maximum value of 1.79, slightly higher 
than the upper normal limit at medium 
cardiac frequencies of 71-90, whereas its 
average decreases at slower as much as at 
faster cardiac rates. 

In cases of chronic cor pulmonale the 
index of Macruz averaged 1.57, with 
ranges from 0.8 to 3.3. These figures are 
identical with those which we have ob- 
served in the group of normal subjects, 
and, thus, the formulated ratio with its 
value of less than 1.0 was missed. 

In 15 cases, transient acute right atrial 
overload was produced by breathing against 
manometric pressure. In these cases, and 
during rest, the ratio was 1.56 (0.8-2.5). 
During forced respiration the ratio in- 
creased to 1.98 (+27 per cent), which is 
a paradoxical reaction. This difference, 
however, is not statistically significant. 
The standard error of the mean ratio in 
= ®) 
n (n-1)’ 
was 0.147, and, thus, differences up to 3 
S.E.M. 0.441 are of no statistical signif- 
icance. The ratio increased during ex- 
piratory effort by 0.420, that is, less than 


rest, determined by the formula / 
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3 S.E.M., which is also not significant. In 
conclusion, we may state that the criteria 
evolved by Macruz and associates to 
indicate right or left atrial enlargement 
are diagnostically unreliable, first, because 
normal variants are extraordinarily wide, 
and, secondly, because changes in the ratio 
do not follow truly the observed functional 
and electrocardiographic alterations of the 
atria. 

The quantitative study of the P wave 
as outlined in the present paper cannot, 
unfortunately, be used for changes of the 
P wave in the opposite direction, i.e., when 
its size decreases. Reduced magnitudes, 
even of the normal P wave, make it de- 
sirable to increase the sensitivity of the 
recording (in order to obtain greater de- 
flections) and to increase the speed (in 
order to widen time intervals), as suggested 
by Abildskov.* Measurement of P waves 
with abnormally low deflections by means 
of the current method of recording is in- 
accurate and, so, unsuitable. 


Summary 


1. The P wave, specifically the peaked- 
form variety, was studied in normal in- 
dividuals, in subjects with cor pulmonale, 
and in those with acute experimental pul- 
monale P pattern produced by breathing 
against manometric pressure. 

2. In addition to the conventional 
data, some new functional criteria, such as 
rising time and rising velocity, were in- 
vestigated. The angular structure of the 
atrial triangle was examined and the stand- 
ard values established. 

3. The correlation between the linear 
and angular structure of the atrial: wave 
and cardiac rate and age was established 
exactly. 

4. The index of Macruz was critically 
examined in light of the conditions de- 
scribed, and its diagnostic value assessed. 

5. The methods of investigation herein 
described increase the diagnostic value of 
the conventional electrocardiogram with 
respect to the atrial wave. 


Addendum 


Since the preparation of this paper, 
Kahn and associates have published a 
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report in which they conclude that the 
ratio of Macruz is not a reliable test of 
atrial enlargement. 
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Kinetocardiographic findings 
in patients with congestive heart failure 
and changes after therapeutic digitalization 


N. Sheldon Skinner, Jr.* 
Birmingham, Ala. 


ecent work done in this laboratory! 

described alterations in precordial 
movements during anginal attacks and the 
effect of therapeutic doses of glyceryl trini- 
trate on these abnormal deflections. These 
observations have been confirmed and evi- 
dence introduced that transient failure 
occurs at the time of anginal pain in 
some patients,”? a finding noted previously 
by Miiller and Rorvik*® during right heart 
catheterization. 

The purpose of this communication is to 
report abnormalities in tracings of pre- 
cordial motions in patients with evidence 
of congestive heart failure, the changes 
produced by therapeutic digitalization, and, 
in a few instances, digitalis intoxication. 


Methods 


Low - frequency precordial movements 
(kinetocardiograms; KCG) were recorded 
by the bellows-crossbar technique as pre- 
viously described. The same terminology 
is used as before; i.e., K; represents tracings 
recorded from the right parasternal line 
(V;), Ke from the vertical line correspond- 
ing to the Vs lead of the ECG, etc. A 
second numeral in the subscript indicates 
the intercostal space from which the rec- 
ord was taken; i.e., a Ky; tracing is one 
from the right parasternal line in the fifth 
intercostal space. 


The K, through the Ky, areas were 
studied; however, findings from the K, 
and Kz positions were the most striking 
and consistent and are the ones reported. 
The areas studied were marked on each 
patient with an indelible solution to aid 
in reproducible placement of the bellows 
with successive tracings. 

Five movements are considered (Fig. 1). 
Those recorded after atrial excitation and 
before ventricular excitation are due to 
atrial activity,® and two have been chosen 
for study: an initial outward deflection 
termed the ‘‘atrial upstroke’ (AU), and a 
second inward motion referred to as the 
‘“airial downstroke”’ (AD). When no distinct 
separation of passive ventricular filling (VF) 
and atrial upstroke deflections occurred, 
the AU value could not be determined. 

The major inward (downward) deflec- 
tions recorded at the Kye area after the 
onset of Q of the ECG is attributed to 
change of volume as the ventricles eject.® 
This motion is constantly present in normal 
subjects and is the largest deflection as- 
sociated with ventricular systole at this 
area; it will be referred to as the ‘‘ventric- 
ular ejection downstroke’”’ (EDS). 

A mid-systolic outward movement 
(MOM) and a motion previously attrib- 
uted® to passive ventricular filling (VF) 
are reported. 
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Fig. /. Paper speed, 50 mm./sec. Tracings begin and end in diastole so as to better demonstrate changes in 
passive filling and atrial contraction. The characteristic movements in a normal subject (A), a patient with 
predominant left ventricular failure (B), and a patient with biventricular failure (C) are shown. A, Note the 
small atrial upstroke movement (A U) occurring after the P wave of the ECG, and the ventricular ejection down- 
stroke motion (EDS) which occupies a major portion of the total amplitude of the complex. The ventricular 
filling wave ( VF) is quite prominent. B, The atrial upstroke motion (A U) is markedly increased, and the passive 
ventricular filling wave (VF) decreased. The ventricular ejection downstroke (EDS) continues to constitute a 
major portion of the total amplitude of the entire complex. C, The atrial upstroke motion occupies a major 
portion of the total amplitude of the entire complex. The ventricular ejection downstroke (EDS) is markedly 
decreased, and the ventricular filling wave is quite small. A mid-systolic outward movement (MOM) is now 
present. Note the absence of this latter movement in records A and B. A definite separation of ventricular filling 
and atrial upstroke motions exists. The rectified heart sound recordings demonstrate both a protodiastolic 
gallop (.S;) and an atrial gallop (.S;); the former is correlated with the tiny ventricular filling wave (VF), and 
the latter with the prominent atrial upstroke motion (AU). AD: Atrial downstroke. TA: Total amplitude. 
P: P wave of ECG. Q: Q wave of ECG. CU: Carotid upstroke. VF: Passive ventricular filling. All sounds recti- 


fied: S,, Se, S;, Sy: First, second, and third heart sounds, and fourth (atrial) sound, respectively. 


To determine more accurately the serial 
changes in the kinetocardiograms as treat- 
ment for congestive failure progressed, the 
amplitudes of the atrial and ventricular 
movements were expressed as a percentage 
of total amplitude of the complete cardiac 
cycle complex. Total amplitude (TA) was 
determined by measuring the distance from 
the highest to the lowest point of a given 
cardiac cycle (Fig. 1). Five percentages 
were calculated, indicating the following 
relationships: AU/TA X 100, AD/TA X 
100, EDS/TA X 100, AU/EDS X 100, and 
AD/EDS xX 100. 


Patients 


Before the study of patients with con- 
gestive heart failure was undertaken, the 
effects of digitalis on the KCG of 6 normal 
persons were first determined. Fourteen 
patients were then studied. Six had clinical 
evidence of predominant left ventricular 
failure, and 8 displayed biventricular fail- 
ure. Table I shows the clinical and objective 
evidence for cardiac decompensation in 
each. Twelve had never received any form 
of treatment for failure prior to the study; 
2 had received both diuretics and digitalis 


in the past but were essentially undigital- 
ized, since marked improvement followed 
large doses of the drug. Serial records were 
obtained on each during the digitalizing 
process. 


Results 


Fig. 2 illustrates the reproducibility of 
the records and shows four consecutive 
daily tracings from the Kes area taken at 
the same sensitivity from a normal man. 
No significant variability occurred from 
day to day in relative amplitudes of atrial 
or ventricular motions. 

The 6 normal subjects exhibited no 
significant change in the KCG after digital- 
ization (Fig. 3). 

Atrial movements. Previous studies’ in 
normal subjects of various ages have shown 
that the atrial upstroke movement does 
not exceed 27 per cent of total amplitude. 
In a series of normal subjects who were 
over 35 years of age the mean percentage 
atrial downstroke (AD) of total complex 
excursion was 21, with only one value in 
excess of 27. 

Table II shows values for the two atrial 
movements before and after digitalization. 
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No untreated patient had an AU/TA value 
of less than 37 per cent (mean, 47 per cent) 
or an AD/TA percentage of less than 20 
per cent (mean, 38 per cent). The means 
after maximum doses of digitalis were 18.5 
and 18.1 per cent, respectively. Each sub- 
ject showed a decrease in these relative 
percentages as treatment progressed (Figs. 
7 and 8). 

The atrial downstroke percentage (AD/ 
TA X 100) showed a wide scatter (Fig. 4) 
before treatment; 5 patients, 4 of whom 
were suffering from biventricular failure, 
had high percentages. After therapy, values 
were within upper limits of those estab- 
lished for normal. 

Ventricular ejection downstroke. The range 
for this movement at the Ke area was wide 
in both normal subjects and patients with 
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untreated failure (Fig. 4). Those with pre- 
dominant left ventricular failure had es- 
sentially the same means before and after 
digitalization (77 and 87 per cent, re- 
spectively), whereas all with biventricular 
failure had values below 30 per cent; one 
showed a value below 30 per cent after 
digitalization. 

Ratio of atrial movements to ventricular 
ejection downstroke. The AU/EDS ratio 
ranged from 48 to 1,400 per cent (median, 
87 per cent) before treatment and 17 to 58 
per cent after digitalization. Those with 
biventricular failure had values in excess 
of 100 per cent (146 to 1,400 per cent), 
whereas those with primarily left ventricu- 
lar failure showed a range of 48 to 87 
per cent. The two highest values after 
therapy, 45 and 58 per cent, were from 


Fig. 2. This figure shows the reproducibility of records obtained from a normal 24-year-old man over four con- 
secutive days from one area, the left parasternal line in the fifth intercostal space (K2;). Each tracing begins 
and ends with the carotid incisural notch and represents one complete cardiac cycle. Time lines are 0.02 second. 
The recording apparatus was calibrated before each tracing was made, in order to assure the same sensitivity 
for each tracing obtained. The subject was marked with an indelible solution to aid application of the bellows 
at the same point each time. Note the reproducibility seen in both configuration and amplitude. No appreciable 
variation in atrial movements or ventricular ejection movements is seen. P: P wave of ECG. Q: Q wave of ECG. 
CU: Carotid upstroke. A U: Atrial upstroke. EDS: Ventricular ejection downstroke. VF: Passive ventricular 
filling wave. 


Pe ees 


Fig. 3. This figure shows the effect of digitalis on kinetocardiograms taken from a normal subject. All records 
begin and end with the carotid incisural notch, and are from the left parasternal line, fifth intercostal space 
(Ko;). Time lines are 0.02 second. A, Control record. B, After 10 mg. of gitalin (2 mg./day for 5 days). C, 
Eight days after withdrawal of digitalis. The control record, the tracing taken after ingestion of 10 mg. of gitalin, 
and the recording made 8 days after withdrawal of the drug show no essential differences. Clinically, the only 
effect noticed was a varying degree of malaise. When this figure is compared to Fig. 8, the marked effect of 
digitalis on the failing heart as reflected by the KCG is clearly seen. P: P wave of ECG. Q: Q wave of ECG. 
CU: Carotid upstroke. A U: Atrial upstroke. EDS: Ventricular ejection downstroke. VF: Passive ventricular 
filling. 
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Fig. 4. This figure shows a comparison of the various parameters studied in normal 
subjects and in patients with untreated cardiac failure. Left to right: A-D. A, Atrial 
upstroke motion. A clear separation of normal subjects and patients with failure occurs. 
The median for the normal subjects is 12 per cent, and the median for the untreated 
patients with cardiac failure is 44 per cent. B, Atrial downstroke motion. The difference 
in medians between the normal subjects and patients with untreated failure is apparent; 
however, a considerable degree of overlap exists as regards distribution of values. C, 
Ventricular ejection downstroke motion. Little overlapping occurs with the two types 
of patients studied. The 5 patients who show values below 30 per cent were those with 
biventricular failure, and the 6 with values of 50 per cent or greater had clinical evidence 
of left ventricular failure only. Three of the 16 normal subjects exhibited values below 
50 per cent, with only one below 30 per cent. D, Ratio of atrial upstroke amplitude to 
ventricular ejection downstroke amplitude. Very little overlap occurs; the difference 
in medians is quite marked. Five of the untreated patients had values above 100 per cent; 
only one normal subject had a value in excess of 37 per cent. White circles: Normal 
subjects. Black circles: Untreated patients with predominant left ventricular failure. 
Black triangles: Untreated patients with biventricular failure. Double horizontal 
rules: Median for all patients. Single horizontal rules: Median for normal subjects. 
AU: Atrial upstroke. AD: Atrial downstroke. EDS: Ejection downstroke (ventricular). 


TA: Total amplitude. 


subjects with long-standing biventricular 
failure. 

The range of the AD/EDS percentage in 
untreated patients was 28 to 100 per cent; 
after therapeutic digitalization it was 10 
to 86 per cent, and two values were above 
33 per cent. 

The changes noted in each patient before 
and after digitalization are presented in 
Table II and Figs. 5 and 6. 

Ventricular mid-systolic movement. An ex- 
aggerated mid-systolic movement was pres- 
ent at the Ke, area in all patients with un- 
treated biventricular failure. The effect of 
digitalis on this is shown in Fig. 8. After max- 


imal digitalization this motion disappeared 
in 4 of 7 subjects, markedly decreased in 2, 
and failed to show any change in 1. 

Changes in serial kinetocardiograms. All 
patients showed a progressive decrease in 
atrial motions while being digitalized. Fig. 
7 demonstrates the results obtained over 5 
consecutive days, from the untreated state 
to full digitalization, in a patient suffering 
from failure of both ventricles. This was 
representative of all patients and was cor- 
related with more classic objective evidence 
of improvement (decreased severity of 
symptoms, increased vital capacity, de- 
creased circulation time, etc.). 
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The actual complexes from which data 
for | ig. 7 were derived are shown in Fig. 8. 
A marked reduction in atrial deflections 
-was seen 18 hours after oral digitalis 
therapy was begun, a time at which mini- 
mal increase in the ventricular ejection 
downstroke occurred. When thelatter move- 
ment did show early accentuation, it was 
only in those patients with failure of short 
duration. 
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In the tracing shown in Fig. 8 the mid- 
systolic outward movement progressively 
decreased as digitalization became com- 
plete, and disappeared entirely 3 days after 
the drug was started. 

Every patient showed an increase in the 
amplitude of the passive ventricular filling 
wave as treatment with digitalis progressed; 
this was concomitant with the decrease in 
atrial deflections. 


AU/EDS x 100 A0/ EOS 
A/400 4 167 
2186 
AU/TA #100 AQ/TAx 100 TAXxi00 arte 
100 100 100 @o 100 100 
4 4% oO a 


K, AREA K, AREA K, AREA K, AREA 
Fig. 5. This figure shows percentage values for the five parameters studied before and after thera- 
peutic digitalization. Left to right: A-E. A, Atrial upstroke motion. The median for this movement 
fell from 44 per cent (range, 37 to 75 per cent) before digitalis therapy to 17.5 per cent after full 
digitalization (range, 14 to 27 per cent). B, Atrial downstroke motion. This ranged from 20 to 62 
per cent (median, 28 per cent) before digitalization, and 5 to 27 per cent (median, 22 per cent) 
after digitalization. All showed a decrease in relative amplitude of this movement after therapy. 
C, Ventricular ejection downstroke motion. The medians before and after digitalization are 45 
(range, 0 to 100) and 79 per cent (range, 17 to 100 per cent), respectively. Five patients, all with 
biventricular failure, had values below 30 per cent before digitalization, and only one had less than 
30 per cent after maximum doses of the drug, this one being studied after long-standing, severe 
biventricular failure. The scatter here is so marked that no significance can be attached to this 
determination as regards the group of patients studied; however, changes in individual patients 
indicated a trend toward significant increases after digitalization, especially in the patients with 
biventricular failure. D, Comparison of atrial upstroke amplitude to ventricular ejection down- 
stroke amplitude. This ranges from 48 to 1,400 per cent (median, 88 per cent) before therapy 
was begun, and 17 to 58 per cent (median, 25 per cent) after full digitalization. The values over 
100 per cent observed before treatment were seen only in those patients with clinical evidence of 
biventricular failure. Only 2 patients had values in excess of 35 per cent after digitalization, and 
both had been in biventricular failure of long duration. E, Atrial downstroke amplitude to ventric- 
ular ejection downstroke amplitude. The predigitalization median for this parameter was 70 
per cent (range, 28 to 1,100 per cent), and the post-digitalization median was 24 per cent (range, 
10 to 86 per cent). The highest values recorded after maximal drug dosage were from those with 
prolonged and severe biventricular failure. Black triangles: Untreated patients with biventricular 
failure (BVF) before digitalization. White triangles: After digitalization (BVF). Black circles: 
Untreated patients with left ventricular failure (LVF) before digitalization. White circles: After 
digitalization (LVF). Double horizontal rules: Median before digitalization. Single horizontal 
rules: Median after digitalization. A U: Atrial upstroke. EDS: Ventricular ejection downstroke, 
AD: Atrial downstroke. TA: Total amplitude. 
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Fig. 6. This figure shows a comparison of normal subjects and fully digitalized patients 
who have improved from congestive heart failure. Left to right: A-D. A, Atrial upstroke 
motion. The median for both normal subjects and digitalized, improved patients with 
failure is approximately the same; the range for the treated patients falls within that 
for normal subjects. B, Atrial downstroke motion. Again, values for both normal 
subjects and fully digitalized patients are almost identical. C, Ventricular ejection 
downstroke. The scatter is so marked that no significance can be attached to it; the 
range, however, is almost identical for both groups. D, Atrial upstroke amplitude to 
ejection downstroke amplitude. Medians for the two types of subjects are almost 
identical. All treated patients with failure fell within the range for normal subjects. 
Fully digitalized patients improved from heart failure: black triangles = biventricular 
failure; black circles = predominant left ventricular failure only. White circles = normal 
subjects. Double horizontal rules: Median for patients. Single horizontal rules: Median 
for normal subjects. AU: Atrial upstroke. AD: Atrial downstroke EDS: Ventricular 
ejection downstroke. 7A: Total amplitude. 


Effect of intravenous digitalis on the kineto- 
cardiogram. One patient who was taking 
oral digitalis but was underdigitalized and 
had obvious biventricular failure was given 
a total of 0.4 mg. of lanatoside-C intra- 
venously after a series of control records 
were obtained. In 2 hours, a decrease in the 
atrial upstroke, increase in ejection down- 
stroke, and decrease in percentage AU/EDS 
were observed (Fig. 9). An increase in the 
passive ventricular filling wave was also 
noted. These changes were similar to those 
produced by slow oral digitalization. 

The kinetocardiographic changes with clini- 
cal evidence of digitalis intoxication. Of 9 
patients with digitalis intoxication, 6 had 
gastrointestinal manifestations only, and 
these for a brief period. These patients 
exhibited no changes due to excessive 
amounts of the drug from records taken 
shortly before. However, 3 had evidence 


of severe intoxication of several hours’ 
duration, and 2 showed cardiac changes 
(ECG; increased severity of failure). These 
3 displayed kinetocardiographic changes 
comparable to those obtained during the 
untreated state. Table III shows the pa- 
rameters studied before treatment, at the 
time of maximal digitalis response, and 
after ingestion of excessive amounts of 
the drug. Fig. 10 shows complexes at 
various levels of management. 


All patients with heart failure exhibited 
alterations in ventricular filling manifested 
by reduced passive ventricular filling waves 
and exaggerated movements associated with 
atrial contraction. Patients with biventricu- 
lar failure displayed two additional changes 
which were not present in patients with 
left ventricular failure alone. These changes 


i 
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were decreased inward motions associated 
with rapid ventricular ejection and _ in- 
creased mid-systolic outward deflections. 

The decreased passive ventricular filling 
waves and increased atrial movements are 
presumably the result of a decrease in 
ventricular contractility,®:® leading to de- 
fective emptying, increase in residual vol- 
ume, increase in ventricular diastolic pres- 
sure, and usually a decrease in stroke 
volume.!°:"" This leads to distention of the 
ventricle, and thus atrial distention; con- 
sequently, the atrium contracts with more 
vigor and an increase in amplitude of re- 
corded atrial movements occurs. Ventricular 
filling is thus accomplished more by atrial 
contraction and less by passive inflow, 
since rapid equalization of pressures be- 
tween the atrium and ventricle occurs with 
the latter. Therefore, the passive ventricu- 
lar filling wave, as recorded by the 
kinetocardiogram, is reduced in amplitude. 

These findings as regards atrial motions 
are in agreement with those of Dock.” 
The discrepancy of this work with that of 
Dock” and Heyer" as related to the passive 
ventricular filling wave is more apparent 
than real. Heyer, using the electrokymo- 
gram, found the duration of passive filling 
to be shorter in patients with congestive 
heart failure, and Dock, using the ballisto- 
cardiogram, found large protodiastolic 
movements in such patients. The former 
work points toward rapid equalization of 
pressures between atrium and _ ventricle 
by small volumes of blood entering an 
already distended ventricle; the latter work 
points toward increased force of blood 
moving into the ventricles during early 
diastole. Thus, it would appear that during 
congestive failure the force of early filling 
is augmented even though the volume is 
diminished. 

When patients with left-sided failure 
only were compared with those who had 
defective action of both ventricles, certain 
similarities and certain differences were 
noted. Both groups exhibited exaggerated 
atrial and decreased passive filling motions. 
However, the ejection downstroke, which 
is probably related to the output during 
rapid emptying, was different in the two 
groups, being essentially normal when only 
the left ventricle was at fault but sharply 
decreased when right ventricular failure 


was also present. The explanation for this 
observation is possibly related to the dif- 
ferences in the architecture and pressure- 
volume relationships of the two chambers. 
In the thick-walled left ventricle, a small 
rise in diastolic volume will lead to a 
large increase in pressure and, hence, to 
pulmonary congestion. However, the signs 
of right-sided failure, being related to a 
rise in pressure in this more distensible 
chamber, will occur only after a relatively 
large amount of residual blood has accumu- 
lated. Thus, the congestive manifestations 
occur early in relation to the degree of 
dilatation in the case of the left ventricle 
and at a time when this chamber is still 
able to maintain a relatively normal resting 
output. The reverse is true of the right 
ventricle. 
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Fig. 7. Results of records obtained on Patient 
Q. F. over 5 consecutive days from control to full 
digitalization. All determinations are from the Ky, 
region. This figure shows graphically the changes 
noted in tracings of Fig. 8. Left to right: A-C. A, 
Daily changes in percentage atrial downstroke (AD) 
amplitude of total complex amplitude (7A) over 
5 days of digitalization with oral gitalin. A precipi- 
tous decrease in this percentage occurred 24 hours 
after initiation of therapy. An essentially stepwise 
decrease in this movement occurs with progressive 
digitalization. B, Changes in the percentage of 
total amplitude occupied by the ventricular ejection 
downstroke amplitude with progressive digitaliza- 
tion. Unlike the atrial upstroke and downstroke, 
dramatic response in this parameter did not occur 
until the fourth day of digitalization (see text for 
explanation). C, The daily effect of digitalis on the 
percentage atrial downstroke of ejection downstroke 
amplitude (AD/EDS X 100). Again, a stepwise 
decrease occurs with an early marked fall. This 
relative movement decreased from 288 to 28 per 
cent. *Record obtained before initiation of digitalis 
therapy. **Record obtained after full digitalization. 
AD: Atrial downstroke amplitude. TA: Total ampli- 
tude of complex. EDS: Ventricular ejection down- 
stroke amplitude. 
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The mid-systolic outward movement 
(Figs. 1 and 8) present in records obtained 
from patients with untreated biventricular 
failure resembles that of patients with 
right ventricular hypertrophy," and is also 
similar to the bulge seen in patients at the 
time of anginal pain,’? and in some pa- 
tients after myocardial infarction.” The 
cause for this is unknown at present. 

The mechanisms by which the passive 
ventricular filling wave increases and the 
atrial deflections decrease after digitaliza- 
tion are presumably explained as follows. 


M 
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Fig. 8. (Legend opposite). 
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Augmented myocardial contractility is one 
of the major effects of digitalis.‘*-> This 
causes more complete emptying, decrease 
in residual volume,'*.?*-*° reduced ventric- 
ular diastolic pressure, and usually an 
increase in stroke volume.'7:?6.3° Under these 
conditions the now less distended ventricle 
can fill more before pressure equalization 
with the atrium occurs. Ventricular filling 
is accomplished to a greater extent by 
passive rapid filling (Fig. 9) and less by 
atrial contraction, because the less dis- 
tended atrium contracts less vigorously. 


Fig. 8. Shows the daily changes in kinetocardio- 
grams of Patient Q. F., obtained over 5 consecutive 
days from control to full digitalization, from area 
K»,. J, Control record. No digitalis. This record 
shows the difficulty in interpreting large outward 
(upward) movements that occur after atrial exci- 
tation when not preceded by a definite ventricular 
filling wave; it is impossible under such circum- 
stances to state how much of this movement is 
actually due to atrial activity, since both atrial 
systole and passive ventricular filling may be re- 
sponsible for its production (see text). The atrial 
downstroke (AD), however, is markedly exagger- 
ated (compare with normal tracing Fig. 1). A small 
ventricular ejection downstroke (EDS) and a large 
mid-systolic outward movement (MOM; bulge) 
are seen. 2, Twenty-four hours after initiation of 
digitalis therapy (3 mg. gitalin), four striking 
changes have occurred: (a) the appearance of a 
definite passive ventricular filling wave (VF) and 
atrial upstroke (A U); (b) a marked decrease in the 
atrial downstroke (AD); (c) a slight increase in the 
ventricular ejection downstroke; and (d) a signif- 
icant reduction in the mid-systolic bulge (OM). 
3, Forty-eight hours after digitalization (5 mg. 
gitalin) was begun, the same changes as noted in 
tracing 2 above have occurred, but are slightly 
greater in degree, the most prominent being the 
increased EDS and decreased MOM. 4, Seventy-two 
hours after beginning digitalization (7 mg. gitalin), 
a marked decrease in the atrial movements has oc- 
curred with a concomitant increase in the ventricu- 
lar filling wave (VF). The ventricular ejection down- 
stroke now occupies a large percentage of total 
amplitude and the bulge has essentially disappeared. 
5, At the time of full digitalization (9 mg. gitalin), 
the most striking changes are a continued increase 
in the passive ventricular filling movement and 
continued decrease in the recorded atrial deflections. 
Note: The heart rate at the time record 5 was taken 
was the same as that at the time tracing / was re- 
corded. P: P wave of ECG. Q: Q wave of ECG. 
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Fig. 9. This figure illustrates the effect of intravenous 
lanatoside-C on kinetocardiograms obtained from 
a patient with marked decompensation (biventricu- 
lar failure) who had been on maintenance digitalis 
therapy. All records were taken from K,,. A, Control 
record. The atrial upstroke (A U) motion is clearly 
defined as a separate entity, constituting 43 per 
cent of total amplitude. The ventricular ejection 
downstroke (EDS) is markedly decreased (see 
normal record Fig. 1), and a prominent, sustained 
“bulge’”’ (mid-systolic outward movement; MOM) 
is readily visualized. B, One hour after 0.2 mg. of 
lanatoside-C intravenously. The atrial upstroke 
(AU) deflection has become less prominent, the 
ventricular ejection downstroke (EDS) has doubled 
in amplitude, and the mid-systolic outward move- 
ment (bulge; OM) is shorter in duration, being 
much less sustained than in the control record. The 
ventricular filling wave has become slightly more 
prominent. C, Two hours after first 0.2-mg. intra- 
venous dose of lanatoside-C, and one hour after 
second 0.2-mg. intravenous dose. The atrial move- 
ment (AU) remains below the control values but 
shows no marked decrease. The ejection downstroke 
has increased considerably, being approximately 
three times greater than the control value; similarly, 
the mid-systolic outward movement is much less 
sustained. The ventricular filling wave (VF) has 
shown an increase. Note: The patient’s heart rate 
remained at 70 beats per minute throughout the 
entire procedure, and each record was taken from 
the same point on the precordium. P: P wave of 
ECG. Q: Q wave of ECG. CU: Carotid upstroke. 
CIN: Carotid incisural notch. 
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8. PATIENT L.S. 


A.PATIENT W. K. 


a 


Fig. 10. This figure shows the kinetocardiographic 
changes noted at the time of untreated congestive 
failure, full compensation with therapeutic doses of 
digitalis, and at the time of digitalis intoxication in 
two patients, one with moderate and one with severe 
intoxication. A, Records from Ke area. J, Mild, 
untreated left ventricular failure. Note the promi- 
nent but not markedly accentuated atrial upstroke 
motion (A U) and the essentially normal ventricular 
ejection downstroke (EDS) movement. 2, Full 
compensation. The atrial upstroke deflection is 
markedly reduced and the ventricular ejection 
downstroke remains quite normal. 3, Severe digitalis 
intoxication. The atrial movements are now quite 
conspicuous and accentuated; the ejection down- 
stroke is markedly reduced (compare with J above), 
and a bulge (mid-systolic outward movement; 
MOM) has appeared. KCG criteria (see text) for 
biventricular failure are met in this record and 
absent in the first two records, indicating a more 
severe degree of failure with digitalis intoxication 
than existed initially. B, Records from K, area. 
1, Mild, untreated left ventricular failure. A promi- 
nent atrial upstroke (A U) is present; the ventricular 
ejection downstroke (EDS) is reduced to below 50 
per cent of total amplitude. 2, Full compensation. 
The atrial upstroke deflection is approximately 
one half of that seen in the record obtained before 
therapy was begun, and the ejection downstroke 
now contributes to 90 per cent of total amplitude. 
3, Moderate digitalis intoxication. The atrial up- 
stroke is now approximately the same as that seen 
in the initial record (B,/); the ventricular ejection 
downstroke is reduced but does not approach that 
seen in the control record. Abbreviations: CU, 
Carotid upstroke. C/N, Carotid incisural notch. 
P, P wave of ECG. Q, Q wave of ECG. 
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Consequently, a reduction in recorded am- 
plitude of atrial movement occurs.*' Fig. 7 
shows that the decline in atrial motions 
preceded the increase in the ventricular 
ejection downstroke. This is interpreted to 
indicate that a slight reduction in ventric- 
ular residual volume and pressure causes 
a marked decrease in the distention of the 
thin-walled atrium. Thus, the force of the 
atrial contraction and atrial deflections, as 
recorded by the KCG, decreases as im- 
provement occurs. This is in keeping with 
the work of Stead and associates,'® who 
found a fall in atrial pressure to be the first 
change noted after the intravenous ad- 
ministration of digitalis. 

With progressive digitalization, patients 
with severe cardiac failure of long duration 
demonstrated slower changes in atrial move- 
ments than did those with moderate de- 
compensation. It is likely that digitalis in 
the former patients was not capable of 
producing full compensation because of 
less reversibility of the prolonged untreated 
state. This is consistent with the findings 
of Ferrer and associates,** who showed that 
pulmonary arterial pressures fell to normal 
limits shortly after intravenous digitalis 
was administered in those patients with 
mild to moderate failure; longer time was 
required for this same effect in those more 
incapacitated. 

It has been reported*-*’ that patients 
develop an increase in the severity of con- 
gestive failure with digitalis intoxication. 
Objective evidence for this is shown through 
the KCG. The similarity of records ob- 
tained from patients at the time of digitalis 
intoxication and when untreated is marked. 


Summary 


Kinetocardiographic alterations before 
and after digitalis therapy in patients with 
congestive heart failure are presented. The 
most consistent finding during failure was 
an increase in the atrial movements, which 
decreased to normal levels after maximal 
doses of digitalis. Inconsistent alterations 
in ventricular ejection movements were 
noted. 

Patients in failure had decreased passive 
ventricular filling waves, which increased 
after digitalization. A possible explanation 
for this is presented. 

Digitalis intoxication produced changes 
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in kinetocardiograms that resembled those 
seen in untreated patients with failure, 
thus offering objective evidence that an 
excess of this drug will cause an increase in 
failure. 
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Kinetocardiographic alterations in patients 
with congestive heart failure at rest and after exercise 
The effect of digitalis 


N. Sheldon Skinner, Jr.* 

John F. Nickerson* 

Roland H. Ingram, Jr.** 
Birmingham, Ala. 


aving previously reported the effects 


of heart failure on the kinetocardio- 
gram, as determined during the resting 
state,! we now report on the changes pro- 
duced by physical effort in patients with 
heart failure as compared to normal sub- 
jects. The effectiveness of digitalis in pre- 
venting these exercise-induced alterations 
will also be reported. 


Methods 


Recordings of low-frequency precordial 
movements (kinetocardiogram; KCG) were 
made with the bellows-crossbar technique,’ 
using a 6-channel Sanborn direct writer. 
ECG and carotid pulse curves were simul- 
taneously obtained. All tracings were re- 
corded at the end of a normal expiration 
and from the fourth intercostal space in the 
left parasternal line. 

After control resting tracings were taken, 
each patient was exercised from 30 seconds 
to 2 minutes, depending on the clinical 
status; 2 minutes of exertion were used 
for all normal subjects. This physical ef- 
fort consisted of moving, while the subject 
was recumbent, a 10-pound pulley-weight 
system a distance of 8 feet every 3 seconds. 


Recordings were made at 4, 1, 2, 4, 6, 8, 
and 10 minutes after completion of the 
exercise. 

Two movements were considered: first, 
an outward (upward) deflection occurring 
at the time of atrial systole; second, an 
inward (downward) motion appearing at 
the time of rapid ventricular ejection. Both 
were expressed as a percentage of total 
amplitude (TA), the latter being deter- 
mined by measuring the distance from the 
highest to the lowest point of a complete 
cardiac cycle complex (Fig. 1). 

The measurement of the ejection down- 
stroke (EDS) was readily achieved because, 
in the precordial area studied, this move- 
ment begins 0.12 to 0.16 second after the 
onset of ventricular excitation and at about 
the time of the start of the carotid upstroke. 
The separation of the atrial upstroke (AU) 
movement from the outward deflection due 
to passive ventricular filling (VF) presented 
some difficulty when the rate was rapid. 
Under these circumstances, filling may 
start after the onset of the P wave, and the 
two outward motions may be fused. Con- 
sequently, only those complexes were stud- 
ied which presented two distinct upward 
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RECORDS FROM A NORMAL SUBJECT AND A PATIENT WITH HEART FAILURE 
(aorH RECORDED aT REST) 


A- 


ALL RECORDS BEGIN 
AND WITH THE P 
Wave OF THE ECG 


TIME LINES=0.02 SEC. 


2. PATIENT WITH CON- 
GESTIVE FAILURE 


1. NORMAL SUBJECT 


g. THE EFFECT OF EXERCISE ON KINETOCARDIOGRAMS FROM A PATIENT WITH 
CLASS TII*CONGESTIVE HEART FAILURE 


3. TWO MINUTES 4. SIX MINUTES 


. ONE MINUTE 
1, RESTING CONTROL 2 AFTER EXERCISE 


AFTER EXERCISE AFTER EXERCISE 
#NEW YORK HEART ASSOCIATION CLASSIFICATION 
AU-ATRIAL UPSTROKE; EDS= VENTRICULAR EJECTION DOWNSTROKE; TA= TOTAL 
AMPLITUDE; VF=PASSIVE VENTRICULAR FILLING WAVE; P=P WAVE OF ECG; 
Q=Q WAVE OF ECG; CUsCAROTID UPSTROKE; CIN= CAROTID INCISURAL NOTCH 


Fig. /. This figure shows a comparison of resting records obtained from a normal subject and from a patient with 
symptomatic congestive heart failure. The effect of minimal exertion on kinetocardiograms from a patient with 
Class-III failure is shown. (The patient was exercised for one minute while supine by using two 5-pound weights 
on a pulley-weight system. These were moved a distance of 8 feet every 3 seconds; twenty complete pulls were 
utilized.) All records begin with the P wave of the ECG to better demonstrate the marked changes which occur 
in diastole. A, Comparison of resting kinetocardiograms. J, Note the essentially absent atrial upstroke (A U) 
motion, the large passive ventricular filling wave (VF), and the prominent ventricular ejection downstroke 
(EDS). 2, The passive ventricular filling wave is markedly reduced, the atrial upstroke is quite large, and the 
ejection downstroke is decreased, in relation to the total amplitude. B, Effect of exercise on kinetocardiograms. 
1, This record could be considered normal since all movements studied are within normal limits. 2, The record 
now becomes abnormal. The atrial movement has increased, ejection downstroke decreased, and the ventricular 
filling wave has changed little. 3, The atrial movement has continued to increase, the ejection downstroke re- 
mains decreased, and the ventricular filling wave is markedly reduced. 4, The record now has again become 
essentially normal. 


deflections with the second (atrial upstroke; 
AU) starting 0.04 to 0.10 second after the 
beginning of atrial excitation. 

Three percentages were determined: AU/ 
TA X 100, EDS/TA X 100, and AU/EDS 
X 100. Fig. 1 shows the movements con- 
sidered in this communication. 


Subjects 


Normal values were obtained from 15 
subjects who were over 35 years of age, 
none of whom had any evidence of cardiac 
disease. A total of 28 studies were per- 
formed on 22 patients with known heart 
disease; these were given a classification 
of their cardiac status according to stand- 


ards established by the New York Heart 
Association.* Each was independently eval- 
uated by two or more observers before any 
studies were initiated. 

Thus, this report includes studies on 15 
normal subjects, 10 on patients with Class- 
I, 11 on patients with Class-II, 6 on pa- 
tients with Class-III, and 1 on a patient 
with Class-IV heart disease. Table I pre- 
sents the clinical data on the patients. Four 
were studied before, during, and after 
digitalization, so that the effects of exercise 
on kinetocardiograms from the same pa- 
tient with varying degrees of compensation 
were recorded. No record was included that 
was obtained at the time of anginal pain. 
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TAs TOTAL AMPLITUDE 


Fig. 2. This figure shows a comparison of the relative atrial upstroke amplitudes (AU/TA X 100) in the three 
groups of patients with cardiac disease that were .tudied (New York Heart Association’s Class I-III), both 
during the resting state and 30 seconds to 6 minutes after exertion. Resting Control: Overlapping occurs with 
all three groups. The range for the Class-I patients was 8 to 29 per cent (mean, 15 per cent); Class-II, 23 to 38 
per cent (mean, 30 per cent); and Class-III, 23 to 65 ner cent (mean, 40 per cent). 30 Seconds Postexercise: 
Complete separation of the three groups does not occur, and the means show only a minimal increase over 
control values. 1 Minute Postexercise: Class-II and Class-III patients are now completely separated from Class-I 
patients; the highest value for the Class-I group is 26 per cent, and the lowest for the Class-II and Class-III 
subjects is 37 per cent. Mean values have shown a corresponding increase. 2 Minutes Postexercise: Five of the 
Class-II patients and all Class-III patients are beyond the limits established for normal. All Class-I subjects 
have continued to stay within the normal range. ¢ Minutes Postexercise: Five each of the Class-II and Class-III 
patients show values beyond the upper limits of normal; however, the mean value for the former group is now 
within the normal range. 6 Minutes Postexercise: Three Class-II and 2 Class-III patients continue to show ab- 
normal values. The mean value for each group is now in the normal range. Thus, no separation of normal sub- 
jects and Class-I patients can be made through the use of this criterion. Differentiation of both of these groups 
from Class-II and Class-III patients is possible when the changes in this motion produced by exercise are evalu- 
ated. Note: Because of marked dyspnea, records could not be made from the one Class-IV patient at 4 and 1 


minute after exertion. 


motions greater than 33 per cent. Serial 
postexertional recordings (Fig. 2) showed 
that the greatest atrial upstroke—total am- 
plitude ratio occurred 1 minute after cessa- 
tion of physical effort. Return to the 
resting control level varied from 2 to 8 
minutes; 2 patients, one each in the Class- 
III and Class-IV groups, failed to reach 
their initial levels 10 minutes after exertion. 
Fig. 3,4 compares the changes in wedge 
pressure produced by exercise in normal 


Since patients with mitral or tricuspid 
valvular disease may have atrial distention 
and exaggerated atrial movements even 
in the absence of failure, such individuals 
were not studied. 


Results 


Each of the relative movements studied 
will be considered separately. 

Atrial upstroke motion. The normal sub- 
jects and the group of patients with asymp- 


tomatic heart disease (Class I) showed no 
relative atrial outward movements greater 
than 30 per cent at rest or 33 per cent after 
exercise (Table II). Forty-six per cent of 
the Class-II and 83 per cent of the Class-III 
patients had values in excess of 30 per cent 
at rest; after exercise, all had such relative 


subjects and in patients with failure. Fig. 
3,B shows a comparison of resting and post- 
exertional atrial movements from normal 
subjects and from patients of each failure 
group studied. The Class-II and Class-IIl 
patients had resting percentages that were 
interspersed with normal ones; however, 
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complete separation of these latter two 
grou,s from the normal subjects and Class-I 
paticnts could be made on the basis of this 
movement 1 minute after physical effort. 
Separation of Class-II from Class-III pa- 
tients is not possible through the use of this 
criterion, except perhaps in those with 
values in excess of 60 per cent. However, 
by means of the changes produced in this 
relative motion by exertion, separation of 
the patients of Class I from those of Class 
II and Class III was possible. 

Ventricular ejection downstroke movement. 
The resting mean value for this motion in 
normal subjects was 62 per cent at rest and 
55 per cent at 1 minute postexercise. This 
pattern of essentially no change from con- 
trol percentages after physical effort was 
seen in each group studied. However, it is 
obvious (Fig. 4) that this relative motion 
decreases markedly with each successive 
increase in the severity of failure, even 


though no consistent difference exists be- 
tween the resting and postexertional state. 

Atrial upstroke-ventricular ejection down- 
stroke ratio (A U/EDSX 100). Table II shows 
ranges and means for this parameter before 
and after exercise in the normal subjects 
and in patients with Class-I to Class-III 
heart disease. An arbitrary value of 0 to 
50 per cent was established as physiologic. 
On the basis of this criterion, 7 per cent of 
normal subjects, 50 per cent of Class-I, 
91 per cent of Class-II, and 100 per.cent of 
Class-III patients had values in excess of 
50 per cent after exercise. Thus, this pa- 
rameter proved to be the only one used that 
allowed even a beginning separation of 
normal from Class-I subjects. 

Effect of digitalis on kinetocardiograms. 
Table III shows a varying amount of de- 
crease in the AU/TA ratios after the ad- 
ministration of digitalis to the 4 patients 
studied in this manner. Fig. 5 shows results 


Table 1. Clinical data on patients studied 


Age Classifica- Vital capacity 
Name (yr.) Sex Diagnosis Therapy tiont (% normal) 
J.J 56 M CAD Digitalis I — 
M. R.* 69 M CAD Digitalis I 73 
J. W.* 59 M Al Digitalis I 74 
15 F EC None I 
N. W. 66 M CAD None I 79 
E. M. 51 M Al Digitalis I — 
43 F HHD None I 84 
J. W. 15 M ASD None I — 
C. H. 12 M ASD None I 93 
O. W. 50 M AS None I — 
W. K.* 52 M Al Digitalis II 56 
M. D.* 60 F CAD None II 75 
M. S. 44 F Myocarditis Digitalis II 68 
M.N. 70 F CAD Digitalis II 75 
M. R.* 69 M CAD Digitalis II 68 
M. D.* 60 F CAD Digitalis II 75 
J. W.* 59 M Al Digitalis II 65 
J. M.* 26 M Al Digitalis II 70 
A. C. 45 M Pericarditis Digitalis II 70 
H. A. 59 M HHD Digitalis II 83 
D.C. 57 M Al Digitalis II 86 
52 M Al Digitalis III 56 
J. F. 61 M CAD Digitalis III 85 
H. W. 55 M CAD Digitalis III —_ 
F. O. 63 M CAD Digitalis III 88 
J. W.* 59 M Al Digitalis III 46 
J. M.* 26 M Al Digitalis III 61 
46 M Myocarditis Digitalis IV 


*Studies done at more than one level of classification. 
tClassification according to New York Heart Association. 
CAD: Coronary artery disease AI: Aortic insufficiency. EC: Eisenmenger's complex. HHD: Hypertensive heart disease. ASD; 


Atrial septal defect. AS: Aortic stenosis, 
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Table Il. 
Class I-III heart disease* 
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Range and means for each parameter studied in normal subjects and patients with 


| 
“ Normal (15 | Class I (10 Class II (11 Class III (6 
Parameter subjects) | patients) patients) patients) 
Resting | Range 0-27% | 8-29% 23-38% 23-65% 
control | Mean 12% | 15% 30% 40% 
| Comment | None > 30% | None > 30% 5 > 30% 5 > 30% 
AU/TA X 100. 
1 min. | Range | 0-33% 7-26% 37-57% 38-72% 
post- | Mean | 16% 19% 43% 55% 
exercise | Comment | None > 33% | None > 33% | All > 33% All > 33% 
Resting | Range | 24-96% 17-80% 5-67 % 0-65% 
control | Mean 62% 49% 38% 26% 
| | Comment | 3 < 50% 4 < 50% 8 < 50% 4 < 50% 
EDS/TA xX 100 |— | 
| 1 min. | Range | 21-92% 6-74% 2-91% 0-45% 
| post-- | Mean — | 55% 39% 39% 23% 
| exercise | Comment | 6 < 50% 5 < 50% 9 < 50% All < 50% - 
| Resting | Range | 0-83% 10-71% 28-1,000+% | 35-1,000+% 
| control | Mean | 21% 33% 204% 154% 
| Comment | 1 > 50% 2 > 50% 9 > 50% 5 > 50% 
AU/EDS xX 100 | | | 
| 1 min. | Range 0-155% | 10-120% 37-1,000+% 160-1 ,000+% 
post- | Mean 30% | 59% 192% | 239% 
| exercise | | Comment | 1 > 50% | 5 > 50% 10> 50% | All > 50% 


*New York Heart Association classification. 


AU: Atrial upstroke. EDS: Ventricular ejection downstroke. TA: Total amplitude. 


Table III. Relative atrial upstroke amplitudes (AU/TA X 100) at rest and after exercise before 


and after digitalization 


| | Vital ca- 
Control | 1 min. 2 min. 4 min. & min. Poin ( 
| postexercise | postexercise | postexercise | postexercise ¥ ‘4 | Total amount 
| | normal) 
| 
| Bp | 4D | Bp | 4D | BD | AD | BD | AD | BD | AD | Bp | ap| 
j.w. |os |13 | 70 | 25 | s8 | 19 | 6 | 9 | 70 | 9 | 46 | 74 | 11.0 mg. 
W. K. | 30 244 s;— wigs 52 40 27 37 32 56 56 5.0 mg. 
M.R. | 23 19 | 39 19 31 24 33 24 22 22 68 73 7.0 mg. 
J. M. | 40 34. | — 43 45 | 35 44 35 46 35 61 70 7.0 mg. 
Mean | 39.5 | 22.5 | 55 | 22 | 46 | 32 46 24 44 25 58 | 68 


BD and AD: Before and after digitalization, respectively. AU: 


obtained from one patient at different lev- 
els of compensation after various amounts 
of the drug. This patient, who, after digital- 
ization exhibited the most striking rise in 
vital capacity, also showed a marked de- 
crease in relative atrial motions. The 3 
patients who displayed little or no rise in 
vital capacity showed less impressive evi- 
dence of improvement in this KCG de- 
flection. 


Atrial upstroke. TA: Total amplitude. 


This study has revealed that a marked 
exaggeration in kinetocardiographic atrial 
movements occurs after minimal effort in 
those patients with Class-II and Class-III 
heart disease. Resting values for this mo- 
tion were normal in some of the Class-I1 
and Class-III patients, whereas a// demon- 
strated exaggerated atrial deflections after 
exercise. The ventricular ejection down- 
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stroke was noted to be decreased in these 
same patients while at rest, with no con- 
sistent further decrease after effort. No 
marked change occurred in normal and 
Class-! subjects. Thus, confirmation is of- 
fered for earlier observations‘ on kineto- 
cardiograms obtained from patients with 
heart failure. 

Previous work done in this laboratory! 
attributed the increased relative atrial 
movements that occur in patients with 
failure to atrial distention resulting from 
an increase in ventricular diastolic pressure. 
This produces an increased vigor of atrial 
contraction and, thus, an increased am- 
plitude of recorded atrial movements. 
Similarly, the decrease in ventricular ejec- 
tion downstroke was attributed to decreased 
contractility, cardiac output, and change of 
volume as ventricular ejection occurs. 

An explanation for the increase in atrial 
movements which occurs and persists after 
exertion could possibly reside in a relation- 
ship to venous pressure. This, in turn, 
appears to be related to changes in oxygen 
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supply and peripheral anaerobic metabol- 
ism. Therefore, changes in venous pressure 
and in tissue metabolism which are known 
to occur in heart failure will be briefly 
presented. 

That the degree of rise of peripheral 
venous pressure after exercise is well cor- 
related with the severity of failure has 
been shown.®-? Richards*® found that, in 
contradistinction to normal subjects, pa- 
tients with failure have essentially no gradi- 
ent between peripheral and central venous 
pressures. Atrial pressure in man has been 
shown to increase with failure, irrespective 
of change in cardiac output,’ and many 
with normal resting pressures develop ab- 
normal values after exertion. This phe- 
nomenon has also been observed in the ex- 
perimental animal." Not only does venous 
pressure increase, it remains elevated for a 
longer period of time. Our study showed 
that the greater the degree of failure, the 
longer were the atrial movements exag- 
gerated. Thus, the duration of elevation 
of these deflections apparently reflects the 
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Fig. 3. A, The effect of exercise on the pulmonary capillary (wedge) pressure in normal subjects and in patients 
with congestive heart failure (data of Dexter, et al.‘ and Lewis, et al."*). Note that 4 of 5 patients with normal 
wedge pressures at rest developed an increase in this measurement with exercise. All but one patient of the 
group with an abnormal wedge pressure at rest had an increase in atrial pressure with exercise. B, Postexercise 
ratio of atrial upstroke movements to total amplitude (AU/TA X 100) in normal subjects and in patients with 
Class I-IV congestive heart failure (New York Heart Association classification). Note that no essential differ- 
ence exists between the normal subjects and Class-I patients. Forty-six per cent of Class-II and 83 per cent of 
the Class-III patients had abnormal resting values; after exercise, all had atrial movements which exceeded 
normal limits. 
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status of the ventricular reserve capacity, 
i.e., the rapidity of recovery after exertion. 
Fig. 5 demonstrates this. In this patient the 
administration of digitalis first resulted in 
normal resting atrial movements. Post- 
exertional values were abnormal, but for 
only 5 minutes of the 10-minute study 
period; before digitalis was given, these 
values were exaggerated during the entire 
study period. Larger amounts of the drug 
resulted in normal values, both before and 
after exercise. 

Ford and associates'* demonstrated that 
the greater cost of exercise is deferred to the 
recovery period in patients with cardiac 
disease. Thus, the increased atrial move- 
ments seen in this study appear to be the 
result of an inability of the ventricles to 
meet the inflow load during the recovery phase 
of exercise. It is known that higher levels 
of blood lactic acid have been found in 
patients with failure than in normal sub- 
jects,'’- and this difference increases with 
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Fig. 4. This figure compares the pre- and postex- 
ertional ventricular ejection downstroke values 
(EDS/TA X 100) in the four groups studied (normal 
subjects to Class-III cardiac patients). Normal. 
This value ranged from 24 to 96 per cent before 
exercise and from 21 to 92 per cent at 1 minute after 
exercise. Three values at rest and six after exertion 
were below 50 per cent. Class J. The resting range 
was 17 to 80 per cent, with five values below 50 per 
cent. After exercise, this range was 6 to 67 per cent, 
with five below 50 per cent. Class JJ. Ranges were 
5 to 67 per cent and 2 to 91 per cent at rest and after 
exertion, respectively. Three values at rest and two 
after exercise were above 50 per cent. Class III. 
Only one value at rest and none after exercise were 
above 50 per cent: Little change occurred in the post- 
exertional state when compared with the resting 
state; however, median values showed a progressive 
decrease from the normal to the Class-III group. 
(Classification of heart failure according to the New 
York Heart Association. ) 
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exertion. A delayed return of the level of 
blood lactate to resting values was noted. 
Regan and associates* found a reduction 
in arterial-venous lactate difference within 
15 minutes after the administration of 
acetyl strophanthidin to patients with heart 
failure. 

Huckabee and associates'’:!* found that 
patients with Class-I heart disease had 
adequate oxygen transport with mild exer- 
cise, and that the rate of lactate accumula- 
tion or rate of anaerobic metabolism was no 
different from that of normal subjects. 
In this type of patient, the body tissues had 
to rely on anaerobic metabolism to only a 
small extent. In patients with definite 
failure (Class II or greater), oxygen trans- 
port was only 50 to 80 per cent effective 
in meeting body requirements, and a further 
increase in cardiac output of 40 to 90 
per cent would have been necessary to 
effect such. It was the conclusion of these 
authors that during exercise most patients 
with failure have an inadequacy of oxygen 
supply rates to satisfy tissue energy re- 
quirements, and this, in turn, was due to 
an insufficient cardiac response. Our studies 
showed that normal subjects and Class-I 
patients had very similar responses as re- 
gard atrial motions, whereas the reverse 
was true when an impairment of Class II 
or greater existed. On the basis of Hucka- 
bee’s work, the duration of elevation of 
these movements may perhaps be inter- 
preted as a reflection of the ability of the 
ventricles to empty themselves and thereby 
to supply tissue oxygen; i.e., the longer the 
elevation, the higher the ventricular dias- 
tolic pressure and the worse the failure. 

The dramatic reversal of abnormal mo- 
tions which may occur after digitalis (Fig. 
5) can be attributed to the increase in 
myocardial contractility effected by this 
drug.** Thus, ventricular emptying is en- 
hanced, and residual volume is decreased, 
as is ventricular diastolic pressure; the 
resultant is a decrease in atrial distention 
and pressure. The ventricle can now meet 
the inflow load presented it during the 
postexercise period. 

The changes in precordial motions pro- 
duced by exercise appear to be related to 
heart failure and not to heart disease. This 
would offer an explanation for the absence 
of changes in Class-I patients and the 
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Fig. 5. Relative atrial upstroke amplitudes (AU/TA X 100) in one patient, at the same level of exercise, before, 
during, and after digitalization. The patient was admitted to this study at a time when he was receiving a small 
daily dose of digitalis but was, for all practical purposes, totally undigitalized. A, Initial study. The values are 
all grossly abnormal. Clinically, the patient was considered to be in Class III; vital capacity was reduced and 
circulation time prolonged. B, After 7.0 mg. of oral gitalin. Vital capacity showed an increase, weight decreased 
3 pounds, and, clinically, the patient was less incapacitated. Atrial movements at rest were within normal 
limits, but after exercise they were definitely abnormal for 5 minutes of the 10-minute study. C, After 11.0 mg. 
of oral gitalin. Control and postexertional relative atrial movements were all within the range established for 
normal. A total increase in vital capacity of 1.2 liters, a decrease in arm-to-tongue circulation time of 5 seconds, 


and a decrease in weight of 8 pounds occurred. 


presence of such alterations in the more 
advanced classes. Thus, small amounts of 
effort in patients with symptomatic de- 
compensation are readily reflected by an 
exaggeration of relative atrial deflections; 
these, in turn, reflect atrial pressure and 
distention. In addition, the effect of digitalis 
can be at least partially observed through 
the use of this method. 


Summary 


1. Twenty-eight studies were done on 22 
patients with cardiac disease who varied 
from asymptomatic (Class I) to definitely 
decompensated (Class II or greater). The 
results were compared with those in 15 
normal individuals. 

2. Class-I patients had normal resting 
and postexertional relative atrial move- 
ments. Forty-six per cent of Class-II and 
83 per cent of Class-III patients had ab- 
uormal atrial movements at rest; after 
exercise, all showed values in excess of those 


established for normal. An explanation is 
postulated for this finding. 

3. Four patients were given varying 
amounts of digitalis, after which studies 
were made during the resting and post- 
exertional state. All showed a reduction of 
the exaggerated atrial movements; in 1, 
a marked change occurred; in 2, a moderate 
change; and in 1, only a slight decrease 
was noted. In each, however, a tendency 
toward an increased tolerance to exercise 
was noted. 

4. Changes in precordial movements as 
determined by this method are in re- 
markable agreement with those determined 
by the more complex procedure of cardiac 
catheterization with measurement of wedge 
and other pressures. 
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he electrocardiograms of normal full- 

term infants and of children'-7:'” have 
been thoroughly studied and _ reported 
upon, but few studies have been done on 
the premature infant. It is the purpose of 
this paper to report the results of a study 
of the electrocardiograms of premature 
infants who have survived, as part of a 
larger study of the cardiopulmonary status 
of the premature infant. 


Methods and Materials 


All of the patients studied were born 
prematurely at the Philadelphia General 
Hospital, or brought to the nursery for 
premature infants shortly after their birth. 
Of the 143 patients studied, approximately 
97 per cent were non-white. The electro- 
cardiograms were taken as soon as possible 
on the first day of life, and repeated when 
the infants were 6 weeks old, and again 
when they were 3 months old. The body 
temperature of the infants on their first 
day of life had stabilized above 37° C. A 
complete physical examination was per- 
formed on every patient on the same day 
that the electrocardiogram was taken. A 
number of chest x-ray films were made; in 
no instance was physical or roentgeno- 
graphic evidence of cardiac disease de- 
tected. In all cases the electrocardiograms 


The electrocardiogram 


of the premature infant 
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were taken on nonsedated babies. On oc- 
casion, a bottle of glucose water or formula 
was used to pacify these infants. 

The electrocardiographic machine used 
was a direct-writing Sanborn Model No. 51. 
The limb electrodes were the standard 
infant size. The exploring chest lead was 
modified according to the size of the infant. 
In the smaller babies the precordial electro- 
cardiogram was taken with the tip of the 
electrode, whereas a Welsh Self-Retaining 
Infant ECG electrode was used on the 
larger infants. Sterile electrocardiographic 
paste or an alcohol sponge was used on the 
skin. The leads of the electrocardiograms 
taken were the Standard Limb Leads I, 
II, II]; aVr, aVr; and Vo, V3, Va, 
Vs, Ve, and Var. In the smaller premature 
infants, Lead V3 was omitted. The axis was 
determined by a modification of the Bayley 
triaxial reference system.'® 


Results 


A total of 143 patients was studied. In 
all, 249 electrocardiograms were obtained. 
The patients were divided into three groups 
according to their weight at birth. This was 
done in order to separate the smaller in- 
fants with a higher mortality rate from the 
larger infants with a lower mortality rate," 
and to determine whether a difference due 
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Table 1. Number of ECGs taken at each age 
in each of the three groups 


A B Cc 
(lday (Owk. (3 mo. 
old) old) old) 


Group I 

(800-1,300 grams) 16 
Group II 

(1,300-1,800 grams) 36 
Group III 

(1,800-2,300 grams) 91 


Table 11. Mean heart rate + standard devia- 
tion (beats per minute) 


A B Cc 


140 (+ 11) 180 (+ 16) 174 (+ 18) 
140 (+ 11) 177(+ 8) 180(+ 11) 
135 (+ 28) 166(+ 17) 177 (+ 24) 


Group I 
Group II 
Group III 


Table I11. P-R interval (seconds) + standard 
deviation 


A B Cc 


GroupI 0.11 + 0.01 0.11 + 0.02 0.11 + 0.01 
Group II 0.11 + 0.01 0.11 + 0.01 0.11 + 0.01 
Group III 0.11 + 0.02 0.11 + 0.01 0.12 + 0.01 


to maturation was registered in the electro- 
cardiogram as the infants grew older. The 
first group consisted of 16 infants who 
weighed between 800 and 1,300 grams. In 
this group, 70 per cent were females and 
30 were males; 92 per cent were non-white. 
Twelve of these infants had two electro- 
cardiograms taken at 1 day of age and 
again at 6 weeks of age; 5 patients of this 
group also had a third electrocardiogram 
taken at 3 months of age. The second 
group consisted of 36 infants who weighed 
between 1,300 and 1,800 grams. In this 
group, 50 per cent of the patients were 
males and 50 per cent were females; 98 per 
cent were non-white. Twenty of this group 
of patients had two electrocardicgrams 
taken at 1 day of age and at 6 weeks of age, 
and 9 of these infants had a third electro- 
cardiogram taken at 3 months of age. The 
third group consisted of 91 infants who 
weighed between 1,800 and 2,300 grams. 
In this group, 40 per cent were males and 
60 per cent were females; 98 per cent were 
non-white. Forty-eight of these infants 
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had two electrocardiograms taken on the 
first day of life and again at 6 weeks of age, 
and 13 of these had a third electrocardio- 
gram taken at 3 months of age. (See Table 
I.) 

The following parameters have been 
studied: The heart rate, the P-R interval, 
the Q-T interval, the corrected Q-T inter- 
val (Q-T.), and the Q-T ratio oT , the 
QRS duration, usually measured in Lead 
V,, the axis of the P wave in the frontal 
plane (AP), the axis of the QRS complex 
in the frontal plane (AQRS), the height 
of the R wave, in millivolts, in Leads Vp, 
Vi, and Vg, the ratio of the height of the R 
wave to that of the S wave in Leads Viz 
and V,; (R/Syar;+ R/Sy;), and the greatest 
total voltage, in millivolts, of the R wave 
plus the S wave measured in Lead Vz to 
Lead V.. 

The letters A, B, and C were used to 
designate the age of the infant. A signified 
the first day of life; B indicated 6 weeks of 
age; and C was used for 3 months of age. 
Representative electrocardiograms from the 
three groups of patients are shown in 
Figs. 1-3. 

Rate (Table II) and rhythm. All of the 
infants in this study had sinus rhythm. One 
patient had multiple arrhythmias which 
reverted to a sinus arrhythmia when she 
was 3 months old. It was not possible to 
completely rule out heart disease in this 
baby and for that reason the patient was 
not included in this report. The mean heart 
rate on the first day of life was 140 (+ 11) 
beats per minute in Group IA and Group 
IIA (infants who weighed from 800 to 
1,800 grams). In Group IIIA (infants who 
weighed from 1,800 to 2,300 grams) the 
mean heart rate on the first day of life was 
135 (+ 28) per minute. This was a greater 
range than for the smaller premature 
babies. There was no significant difference 
in heart rate for the infants in Groups IB, 
IIB, and IIIB at 6 weeks of age nor in 
Groups IC, IIC, and IIIC at 3 months of 
age. 

P-R interval (Table III) and axis of the 
P wave in the frontal plane (Table IX). The 
mean value of the P-R interval was 0.11 
second in all age groups and at all weights 
except for the largest premature babies at 
3 months of age, Group IIIC. The latter 
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Tabic IV. Mean Q-T interval (seconds) + 
standard deviation 


A B Cc 


GroupI 0.28+ 0.05 0.23+ 0.01 0.26 + 0.02 
Group U =0.28+ 0.05 0.22 = 0.03 0.23 = 0.02 
Group III 0.30 = 0.03 0.24+ 0.02 0.24 + 0.02 


Table V. Mean Q-T,. (seconds) + standard 
deviation 


A B Cc 


Group I 0.44 = 0.03 0.39 + 0.02 0.43 + 0.01 
Group II 0.42 + 0.02 0.38 + 0.02 0.40 + 0.02 
Group III 044+ 0.07 0.40+ 0.01 0.40 + 0.02 


Table VI. Mean Q-T ratio ($ ) + 


standard deviation 


A B Cc 


GroupI 1.09+ 0.17 0.99+ 0.03 1.07 = 0.02 
Group II 1.06+ 0.02 0.96 + 0.07 1.00 + 0.08 
Group III 1.09 = 0.09 1.00 + 0.08 1.00 + 0.05 


Table VII. Mean duration of QRS measured 
in Lead V, (seconds) + standard deviation 


B Cc 


A 


Group I 0.036+ 0.008 0.038+ 0.004 0.040 = 0.001 
Group II 0.036+ 0.007 0.037+ 0.010 0.039 + 0.006 
Group III 0.037 + 0.007 0.036+ 6.007 0.038 + 0.007 


Table VIII. Mean AQRS (measured in 
degrees) + standard deviation 


A B Cc 


Group I 103 = 22 84 + 34 63 = 12 
Group II 124 + 20 85 + 28 82 = 28 
Group III 122 + 29 85 = 19 70 + 19 


group of patients had a mean P-R interval 
of 0.12 second, which closely approximated 
full-term infants of similar age.* There was 
no evidence of first-degree atrioventricular 
block in any of the premature infants 
studied. The P wave in the limb leads of 
the electrocardiogram on the first day of 
life usually was of higher amplitude and 
was peaked in the smaller premature in- 
fants. The mean axis of the P wave in the 
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frontal plane was constant, and varied 
only slightly in all age and weight groups. 
Usually, it was 60 degrees. 

Q-T interval (Table IV), Q-T interval 
corrected (Q-T.) (Table V), and Q-T ratio 
(Table VI). The mean value of the Q-T 
interval was prolonged on the first day of 
life. The mean value of the Q-T, (corrected 
Q-T interval) on the first day of life was 
0.44 second in Groups IA and IIIA, and 
0.42 second in Group IIA. The Q-T ratio, 
Q-T 
Q-T. 
tion of Q-T. The mean value of the Q-T 
ratio was 1.09 in Group IA, 1.06 in Group 
IB, and 1.09 in Group IC, whereas in 
6-week-old infants the mean Q-T ratio 
was 0.99 in Group IIA, 0.96 in IIB, and 
1.00 in Group IIIA. The mean Q-T ratio q 
in 3-month-old infants was 1.00 in Groups 
IIIB and IIIC. The mean Q-T ratio in 
Group IIIC was 1.07 and may not have 
reflected the true value since only 5 pa- 
tients were studied. 

Duration of the QRS complex, usually 
measured in Lead V, (Table VII), and axis 
of the QRS complex in the frontal plane 
(AQRS) (Table VIII). The duration of the 


, more accurately reflected prolonga- 


Table IX. Mean axis of P wave (measured 
in degrees) + standard deviation 


A B Cc 


GroupI 60(+2) 60(+2) 59(+1) 
GroupII 60(+2) 59(+2) 60(+1) 
Group III 61(+2) 60(#2) 60(+ 1) 


Table X. Mean R/S ratio in Lead Vag + 
standard deviation 


A 


Group I 3.5220 3.222.8 2.1+2.0 
GroupII 2.4#1.9 3.1+2.0 2.3+1.6 
Group III 2.822.7 3.9+3.5 2.2+#1.5 


Table XI. Mean R/S ratio in Lead V; + 
standard deviation 


Group I 1521.3 24+2.0 2.7+0.8 
GroupII 1.4#1.2 1.62#1.0 1.5+1.0 
Group III 1.91.9 2.31.4 1.3+0.9 
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Table X11. Mean height of R wave in Leads V 4p, V1, and V¢ (in millivolts) + standard deviation 


Var 


Ve 


Group I 5 (+3) 8 (+2) 5 (+3) 


Group II 7 (+1) 7 (+4) 7 (+3) 7 (+3) 


Group III 7 (+3) 9 (+2) 6 (+4) 


10 (+6) 
10(+3) 1(+6) 7(+#4) 


6 (+2) 


9(=4) 10(#6) 7(+2) 14(#4) 15 (+3) 


10(+5) 12 (+7) 


9(+2) 10(+6) 7(+2) 10(+3) 14 (+5) 


QRS complex as usually measured in 
Lead V, had a consistent set of values on 
the first day of life. The minimum value 
was 0.02 second in Groups IA and IIA, 
and 0.30 second in Group IIIA. The maxi- 
mum value in Group IIIA was 0.06 second, 
and there was no other measurement that 
exceeded this. The mean values for all 
groups at all ages was fairly constant. 

The axis of che QRS complex in the 
frontal plane (AQRS) followed a similar 
pattern. On the first day of life the mean 
values were 103 (+ 22 degrees) in Group 
IA, 124 (+ 20 degrees) in Group IIA, and 
122 (+ 29 degrees) in Group IIIA. There 
was a shift in AQRS to the left at 6 weeks 
of age, as shown in the tracings, and a 
smaller shift to the left as demonstrated 
by the mean values of AQRS at 3 months 
of age. 

Ratio of R/S in Leads and V, (Tables 
X and XI), height of R wave in Leads Vr, 
V,, and V, (Table XII), greatest total voltage 
of the R+-S waves measured in Leads V2 to 
V, (Table XIII). There was a slight de- 
cline in the R/S ratio in Lead V4 as the 
infant grew from the time of birth to 3 
months of age. The height of the R wave 
in Lead V4 did not change significantly 
from birth to 3 months of age; therefore, 
the decline in this ratio was due to an in- 
crease in the S wave in the electrocardio- 
gram of these patients at 3 months of age. 


Table XIII. Mean + standard deviation. 
Greatest total voltage of R+S measured in 
Lead Vo to Vs 


Group I 
Group II 
Group III 


At birth, the R waves in Leads V4 and in 
Lead V, were of comparable height. There 
was a somewhat taller R wave in Lead V, 
than in Leads V4r and V,. The R wave in 
Lead V, of the electrocardiogram increased 
slightly in height in all groups as the infant 
grew from birth to 3 months of age. 

In the first 24 hours of life many pre- 
mature infants had an R/S ratio in the 
right precordial leads of less than 1.0. This 
indicated that the S wave was of greater 
amplitude than the R wave. This pattern 
was present in 25 per cent of the infants in 
Group IA, in 36 per cent of the infants in 
Group IIA, and in 39 per cent of the infants 
in Group IIIA. As the infant matured from 
6 weeks to 3 months of age, the pattern 
changed and the R wave in the right pre- 
cordial leads became equal to or larger than 
the S wave. 

The mean value of the greatest total 
voltage of the R+S waves measured in 
Lead V2 to Lead V, varied only slightly in 
all of the infants studied. It was well below 
the value of 50, which is given as top nor- 
mal in full-term infants and in children." 

T wave and RS-T segment. In a great 
majority of the electrocardiograms of all 
the premature infants the T waves were 
inverted in the right precordial leads and 
upright in the left precordial leads. There 
were no patients in Group IA (infants who 
weighed from 800 to 1,300 grams) who had 
upright T waves on the first day of life. 
Three per cent of the infants in Group IIA 
and 13 per cent of those in Group IIIA had 
upright T waves in the right as well as in 
the left precordial leads at birth. When the 
infants were 6 weeks of age, all of the elec- 
trocardiograms showed inverted T waves 
in the right precordial leads. 

The RS-T segment was isoelectric in 
nearly all of the electrocardiograms taken. 


A B "a 
| | Vi Ve Var Vi Ve Var Vi |_| 
A B 
23+ 9 28 + 4 33 = 7 
26+ 9 27 = 6 31 + 6 
27 «7 28+ 9 31 + 6 
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Discussion 

The typical electrocardiogram of the 
premature infant showed sinus rhythm at 
a mean heart rate of 135 (+ 28). There was 
no great difference in heart rate due to the 
weight of the baby at birth. Ziegler! gave a 
heart rate of 115 to 130 in full-term infants, 
on the first day of life. Vanoni’s series of 
premature infants” had a mean heart rate 
of 135 per minute on the first day of life. 
The mean heart rate increased at 6 weeks 
of age but remained at that level at 3 


ag Chous 
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months of age. There was no significant 
difference in heart rate among the three 
groups at the various birth weights, at 6 
weeks of age and at 3 months of age. All 
of the infants at 6 weeks of age and at 3 
months of age had sinus rhythm, and no 
arrhythmias were encountered. 

The mean P-R interval was 0.11 second 
in all groups except Group IIIC. This 
group had a P-R interval of 0.12 second. 
This agreed with the results in earlier 
studies®® in full-term infants. However, 


Group I. Patient D. G. Birth weight of 1,250 grams. 


|| 
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Fig. 2. Group II. Patient K. G. Birth weight of 1,754 grams. 


Heck" gave a shorter P-R interval, 0.092 
second at 1 day of age in his premature 
infants. 

The P waves were usually peaked with 
voltage up to 2.5 or 3.0 mm. on the first 
day of life, with a duration of 0.05 and 0.07 
second. The so-called ‘P”’ pulmonale on 
the first day of life may have represented 
higher pressures in the pulmonic circuit 
which are reflected in the atria. The axis 
of the P wave is very constant at 60 de- 
grees. There was little variation at any 
age and weight. This was confirmed in 
earlier 


The Q-T interval on the first day of life 
was slightly prolonged. Body temperature 
did not play a great part in this, because all 
of the premature babies studied had stabi- 
lized body temperature above 37°C. There 
are many factors which may prolong the 
Q-T interval, among which are hypo- 
calcemia and anoxia as well as hypo- 
thermia.*:'’ Therefore, a prolonged Q-T 
interval may occur with a normal QRS 
interval or with a prolonged QRS inter- 
val.!8 In these cases the QRS interval on 
the first day of life was not prolonged, 
indicating that a change had occurred in 


age: 4 
2 3 avr ov. ave 
Pl 
2 s ove 
var vi v2 v4 vs vé 


the time that it took the stimulated ven- 
tricles to return to the resting state. 

The mean manifest electrical axis of the 
QRS complex measured in the frontal 
plane followed the same pattern as that 
found in earlier studies.?:®!?-'* There was 
no essential difference in any of the weight 
groups studied on the first day of life. There 
was a change in mean AQRS, with a shift 
to the left at 6 weeks and a small shift at 
3 months. 

The measurements of the height of the 
R waves in Leads Var, Vi, and Ve, as well 
as the R/S ratio in Leads V4r and V;, and 
the total of the R+S waves measured in 


10 Hours 
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its greatest height in Leads V2 and V, will 
be most helpful in the diagnosis of right 
ventricular hypertrophy in the newborn 
premature infant. It was apparent from 
this study that a well-formed R wave was 
present in Lead V¢ on the first day and was 
of equal height with that found in Lead 
Var, and that the R wave was taller in 
Lead V;. The S wave increased in Lead 
Vag as the infant grew from birth to 3 
months of age. 

In an earlier study® of the ECG of the 
newborn full-term infant it was noted that 
the R/S ratio in the right precordial leads 
was less than 1 in a number of the infants 


6 WEEKS 


AN 


3 MONTHS 


Fig. 3. Group III. Patient M. C. Birth weight of 2,136 grams, 
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studied. In premature infants this pattern 
also was found in a significant percentage 
of the infants studied on the first day of 
life, and it was noted that the R/S ratio 
more nearly approached 1.0 as these in- 
fants grew older. The R wave was well 
developed in Lead V, on the first day of 
life and indicated a difference from that 
of full-term infants at that age. De la Cruz 
(cited by Sodi-Pallares and associates!’) 
studied 70 normal hearts of infants and 
children who ranged in age from 6 months 
of intrauterine life to 11 years and showed 
that the thickness of the free wall of the 
right ventricle is less than that of the left 
ventricle. These anatomic findings are not 
contrary to the morphology recorded in 
right (Var, Vi, Ve) and left (V; and V¢) pre- 
cordial leads in these premature infants. 

The greatest total voltage of R+S meas- 
ured in Lead Vz to Lead V4 never ap- 
proached the level of the pathologic which 
had been found in an earlier study on ven- 
tricular septal defects.'® 

It was stated in an earlier study" that 
the T waves are upright in the right pre- 
cordial leads and frequently inverted in the 
left precordial leads during the first hours, 
or in the first days, of life. In this study, 
in the smallest group of premature infants 
(weight of 800-1,300 grams) no ECG was 
found that had upright T waves in the 
right precordial leads nor inverted T waves 
in the left precordial leads. In the second 
group of infants (Group IIA, weight of 
1,300-1,800 grams), only 3 per cent had 
upright T waves in the right precordial 
leads during the first 24 hours of life; none 
of these infants had inverted T waves in 
the left precordial leads. In the infants 
who ranged in weight between 1,800 and 
2,300 grams, 13 per cent had upright T 
waves in the right precordial leads and 
none had inverted T waves in the left 
precordial leads. By 6 weeks of age there 
was a change in all of the electrocardio- 
grams to inverted T waves in the right 
precordial leads. In a screening study done 
on normal premature infants of all weights, 
those infants who had had upright T waves 
in the right precordial leads on the first 
day of life all showed normally inverted 
T waves by the third day of life.2° This 
finding agreed with the results of the earlier 
studies of European workers." 
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Summary and Conclusions 


1. Electrocardiograms were taken on 
143 normal premature infants on the first 
day of life, at 6 weeks, and again at 3 
months. The infants were divided into 
three groups, on the basis of their weight 
at birth. 

2. All patients had normal sinus rhythm 
at an average rate of 140. The mean P-R 
interval was 0.11 second, and the mean 
duration of QRS was between 0.36 and 0.40 
second. The AP was +60 degrees. These 
findings were independent of birth weight 
and were unchanged from birth to 3 months 
of age. 

3. The AQRS was greater than +100 
degrees at birth and showed a progressive 
leftward shift with age in all three groups. 
This leftward shift was also evidenced by: 
(a) the increasing amplitude of the S wave 
in Lead V4r with age, (b) the decreasing 
R/S ratio in the right precordial leads with 
age, and (c) the well-developed R wave in 
Lead V¢ which increased in amplitude with 
age. 

4. There was a significant group of 
infants (38 per cent of the whole study 
material) who showed at birth an R/S ratio 
of less than 1 in the right precordial leads. 
With age this ratio tended to increase 
rather than decrease. 

5. The T wave in the left precordial 
leads was uniformly upright in all patients 
at all ages. The majority of patients showed 
inverted T waves in the right precordial 
leads at birth, and this too did not change 
up to 3 months of age. Thirteen patients 
(1 in Group II and 12 in Group III) showed 
upright T waves in the right precordial 
leads which then subsequently inverted 
in all of these patients by 6 weeks of age. 


The author wishes to express his thanks to Miss 
Marion Siegel for her help in taking many of the 
electrocardiograms, and to Dr. David H. Lewis, who 
assisted in the preparation of the manuscript. 
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patterns of cardiovascular re- 
sponses to upright exercise of walking 
were found in previous studies of patients 
with heart diseases.' The majority of indi- 
viduals tested showed increases in heart 
rate, cardiac output, mean systemic arterial 
pressure, and arteriovenous oxygen dif- 
ference as compared with the resting values 
observed when they were either recumbent 
or sitting upright. A minority of patients 
exhibited a faster heart rate, but less in- 
crease in cardiac output, because of a 
failure to raise stroke index above the 
sitting level; this was associated with a fall 
in arterial blood pressure designated as 
“exertional hypotension.’’ Both groups 
of patients had a significant fall in stroke 
volume when they changed posture from 
supine to sitting upright. The effects of 
pathologic lesions primarily altering either 
diastolic filling or effective systolic ejection 
of the left ventricle have been investigated 
in further studies on comparative response 
to postural changes, upright exercise, and 
myocardial stimulation. In this connection, 


effective systolic ejection refers to the net 
forward flow through the aorta. 

Circulatory adaptations to upright pos- 
ture were described by McMichael and 
Sharpey-Schafer? in 1944. Although oxygen 
consumption increased slightly during 
standing, arteriovenous oxygen difference 
widened, and cardiac output fell 25 per cent 
from a mean value during recumbency of 
6.0 L./min. to a mean of 4.5 L./min.? More 
recently, Novy and associates* reported 
even greater decreases in cardiac output on 
motionless standing for 10 minutes. Pre- 
sumably, these changes represent a re- 
distribution of blood volume (which di- 
minishes the pulmonary and increases the 
systemic venous reservoirs) in| response to 
the stress of gravity in relation to the 
position of the body. Rushmer} has empha- 
sized the importance of these postural 
changes in the evaluation of| ventricular 
function during exercise in the erect po- 
sition. 

Although hyperkinemic responses to 
exercise have usually been attributed to 
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increases in both heart rate and stroke 
volume, Rushmer recently has questioned 
the capacity of the stroke volume to in- 
crease above the resting recumbent value.® 
In human subjects, however, Musshoff and 
associates® found both stroke volume and 
heart rate increased progressively with 
-graded amounts of exercise performed dur- 
ing recumbency. Mitchell and associates,’ 
in studies of maximal oxygen consumption 
in normal subjects during exercise in the 
upright position, found that both stroke 
volume and heart rate virtually doubled 
when compared with values obtained with 
the subjects standing at rest. Cross-circu- 
lation experiments in dogs have identified 
both neural and humoral mechanisms for 
the hyperkinemia of exertion.* With re- 
spect to humoral agents, however, nor- 
epinephrine has been found to be signifi- 
cantly increased only at maximal work 
loads in human beings.?® 

Since the synthetic catecholamine, iso- 
proterenol, is more potent than either 
epinephrine or norepinephrine in increasing 
heart rate and contractile force in the iso- 
lated, perfused heart of several mammalian 
species,'° it is an effective myocardial 
stimulant. It restores rhythmicity after 
reflexly induced standstill and accelerates 
ventricular rate in the presence of com- 
plete atrioventricular block." It produces 
tachycardia in the intact dog, whereas 
comparable doses of epinephrine or nor- 
epinephrine produce bradycardia.” In the 
isolated, perfused canine heart, isopro- 
terenol increases myocardial oxygen con- 
sumption without depleting stores of gly- 
cogen when employed in very minute doses 
that do not induce arrhythmias.” In hu- 
man subjects, isoproterenol increases car- 
diac output and lowers pulmonary “‘capil- 
lary”’ pressure even in patients with con- 
gestive heart failure.“ It increases stroke 
volume significantly (p < .02) in normal 
subjects in the supine position, but less so 
(p > .05) when the head is tilted up 60 
degrees. Peripheral venous constriction 
with isoproterenol tends to redistribute 
blood volume from systemic to pulmonary 
venous reservoirs'® and contributes to an 
increased ‘‘central blood volume.’’!” Since 
with progressively larger doses, isoprotere- 
nol produces arrhythmias, conduction de- 
fects, and myocardial necrosis,!® the use 


of this drug to stimulate the myocardium 
must be carefully supervised. 


Material and methods 


Fourteen patients with diseases affecting 
the chambers of the left side of the heart 
were studied in conjunction with diag- 
nostic cardiac catheterization. Of the 8 
females and 6 males, 7 patients had limi- 
tation of diastolic filling of the left ventricle 
due to mitral stenosis (confirmed surgically 
in all 6 who were operated upon), and 7 had 
lesions which reduced the effective systolic 
ejection of the left ventricle. Of the latter 
patients, 2 had predominant mitral regurgi- 
tation, 2 had aortic stenosis, and 1 each 
had aortic regurgitation, multivalvular 
rheumatic heart disease (without signifi- 
cant mitral stenosis), and hypertensive 
cardiovascular disease. Atrial fibrillation 
was present in 5 patients with mitral ste- 
nosis and in 2 with left ventricular dis- 
eases. All except 2 patients, one with aortic 
stenosis and another with mitral stenosis, 
were taking digitalis. The average func- 
tional capacity (Classes I to IV of the New 
York Heart Association) and _ physical 
fitness index of tolerance for a standardized 
exercise test!* were 3.0 and 7.1, respectively, 
for patients with mitral stenosis, and 2.3 
and 14.5, respectively, for patients with 
left ventricular disease. Thus, patients with 
mitral stenosis selected for this study 
tended to be more impaired both clinically 
and by exercise testing than the other 
patients. 

Normal saline was injected subcutane- 
ously for placebo sedation, and 2 per cent 
procaine was infiltrated for local anesthesia 
at the site of arterial and venous cut-downs. 
Arterial pressure and blood samples were 
obtained by a PE 90 polyethylene catheter 
inserted into the lumen of the radial artery; 
a No. 6F cardiac catheter was guided into 
the right pulmonary artery. Pressures were 
recorded with a Statham P23D transducer 
and Sanborn polygraph. Pressures were 
recorded continuously except during inter- 
mittent sampling and flushing of the 
catheters. 

The oxygen content of samples of blood 
was determined by the method of Van 
Slyke-Neill. Oxygen consumption, and ven- 
tilation were recorded while breathing 
oxygen with a 13.5-liter Collins respirom- 
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(1) Résistance Index (dynes sec. cm.->X M.?) = 
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(Mean Pressure) (1.332) (60) 
Cardiac Index 


(Cardiac Index) (1.065) (Ps, — 5) (13.6) 


(2) LV work (Kg.M./min./M.*) = 


eter. Cardiac output was determined by 
the direct Fick principle, utilizing blood 
withdrawn from the pulmonary artery 
for the determination of mixed venous 
oxygen content. Arterial samples were 
withdrawn simultaneously from the radial 
artery. 

Each patient served as his own control, 
and responses to posture, isoproterenol, and 
exercise were determined. Five per cent dex- 
trose in water was slowly infused intrave- 
nously; when a steady state was assured, in- 
itial control measurements were made while 
the subject was supine. Afterward, another 
solution containing 0.4 micrograms per mil- 
liliter of isoproterenol* was administered at 
a rate of from 50 to 120 drops per minute 
(.02 to .04 we/Kg./min.). Facial flushing, 
hyperventilation, precordial pounding, or 
occasional tremulousness occurred in a 
few subjects within a minute or two, and 
usually were accompanied by tachycardia 
and increased arterial pulse pressure. After 
4 to 7 minutes, when a steady state was ap- 
parent by inspection of the spirogram and 
recordings of arterial pressure, samples of 
blood were drawn for determination of 
oxygen content. As judged by inspection 
of the heart rate and pulse pressure, the 
effects of isoproterenol disappeared within 
5 minutes after the infusion was stopped. 
Under these conditions there were no ad- 
verse clinical effects with this drug. 

After 25 to 40 minutes, additional control 
observations were made in 9 patients after 
they had been sitting in a chair for several 
minutes. Then each subject walked on a 
treadmill at a rate of 1.7 miles per hour at 
a 10 per cent grade of incline. After 4 min- 
utes of steady-state exercise, samples of 
blood were withdrawn, and ventilation 
and oxygen consumption were recorded 
for another determination of cardiac out- 
put. 

In five instances the subjects were exer- 
cised first, and the observations with iso- 


*Isuprel, Winthrop-Stearns. 


1,000 


proterenol were made several minutes 
later, with no discernible difference in re- 
sults due to this change in experimental 
procedure. 

When the subjects were supine, the zero 
reference was placed at 10 cm. above the 
table; when they were upright, it was reset 
at the level of the fourth rib anteriorly. 
Arterial pressures were integrated plani- 
metrically or electrically; total pulmonary 
and systemic resistance indices were com- 
puted by formula 1 (top of page). Apparent 
left ventricular work* was estimated by 
formula 2 (top of page), where 1.065 = spe- 
cific gravity of whole blood, Ps, = mean 
systemic arterial pressure, and 13.6 = spe- 
cific gravity of mercury. Apparent stroke 
work of the left ventricle was derived by 
dividing the foregoing value by the heart 
rate. 

All data were processed in an IBM 650 
digital computer to derive means, standard 
deviations, and 1,080 cross-correlations by 
the product-moment method. 


Results 


A statistical analysis of the mean re- 
sponses of two types of patients with left: 
heart diseases to three different experi- 
mental procedures is presented in Table I. 
The salient differences between these two 
types of patients, as well as the significant 
changes common to both, are listed in 
Table II. Average responses of the com- 
ponents of cardiac output to the stress of 
exercise in the upright position are shown 
in Fig. 1. 

I. Hemodynamic observations in patients 
resting in the supine position. The 7 patients 
with left ventricular diseases had virtually 
normal pressure and flow measurements 
while resting in the recumbent position, 
except for 1 individual with a slight eleva- 
tion of the wedged pulmonary arterial 


*Calculations of left ventricular work for the patients with 
aortic valvular disease were not based upon the actual 
pressure within the left ventricle; similarly, the volume of 
regurgitant flow was not determined. 
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(PC) pressure. Hence, none of the other 6 
patients had significant evidence of left 
ventricular failure by these criteria. 

All 7 patients with mitral stenosis had a 
moderate, but definite, increase in PC pres- 
sure. Ventilation, pulmonary arterial pres- 
sure, and total pulmonary resistance tended 
to be higher, just as the cardiac and stroke 
indices tended to be lower in patients with 
mitral stenosis than in patients with left 
ventricular diseases. These differences were 
not significant (p > .05) because of ap- 
preciable variation for the small number of 
patients involved in this study. However, 
ventilation varied inversely with stroke 
index (r = —0.94) and directly with total 
pulmonary resistance (r = +0.95) in mitral 
stenosis but not in those with left ven- 
tricular diseases (r = —0.14 and —0.10, 
respectively). The lower arterial oxygen 
content in the patients with mitral stenosis 
was related to a lower hemoglobin concen- 
tration. 

II. Effects of tsoproterenol in patients in 
the supine position. Intravenous infusion of 
isoproterenol produced hyperkinemia, sys- 
temic vasodilatation, and mild hyperventi- 
lation in both types of patients. The high 
output state was achieved primarily by 
acceleration of heart rate. Since the in- 
creased cardiac index was in excess of 
metabolic demands for oxygen consump- 
tion, the arteriovenous oxygen difference 
diminished. Despite the fall in systemic 
resistance, the apparent work of the left 
ventricle was increased, largely as a result 
of the moderate tachycardia. 

All patients with left ventricular diseases 
and 5 of the 7 with mitral stenosis showed 
a fall in total pulmonary resistance. Pa- 
tients with mitral stenosis showed a greater 
increase in oxygen consumption, pre- 
sumably reflecting increased work of the 
right ventricle against augmented pulmo- 
nary arterial pressure as well as the in- 
creased work of breathing. In the two 
instances in which changes in PC pressure 
were observed in patients with mitral ste- 
nosis, it increased from 23 to 28, and from 
24 to 45 mm. Hg in response to isopro- 
terenol. 

ITI. Effects of sitting upright. Both types 
of patients showed a significant fall in 
stroke index. Since the heart rate acceler- 
ated slightly, this prevented a correspond- 
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ing fall in cardiac index. Nevertheless, 
arteriovenous oxygen difference widened, 
and oxygen consumption increased slightly. 
Presumably, these changes reflected an 
alteration in the distribution of the blood 
volume imposed by the change in the posi- 
tion of the body with respect to gravita- 
tional force, and a slight increase in meta- 
bolic activity of the muscles maintaining 
this posture. Despite the probable reduc- 
tion of blood volume in the thorax, mean 
pulmonary arterial pressure increased 
slightly. Possibly, the latter change repre- 
sented an error in estimation of the zero 
reference level under these conditions. 
There were then no significant changes 
with posture unique to either type of pa- 
tient, but the arteriovenous oxygen dif- 
ference varied inversely with the cardiac 
index (r = —.92) only in patients with left 
ventricular diseases (vs. r = —.21 in those 
with mitral stenosis). 

IV. Effects of exercise on patients in the 
upright position. Both types of patients 
exhibited marked increases in oxygen con- 
sumption and ventilation as a result of the 
enhanced metabolic activity in the exer- 
cising skeletal muscles. The augmented 
oxygen transport was achieved by a sub- 
stantial increase in both cardiac index and 
arteriovenous oxygen difference. The for- 
mer resulted primarily from an acceler- 
ation of heart rate. Apparent left ventricu- 
lar work was raised accordingly, although 
a slight increase in stroke work was con- 
tributory in patients with left ventricular 
diseases. The fall in systemic resistance 
probably represented vasodilation, accom- 
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Fig. /. Cardiac adaptations to exercise in upright 
position in terms of average changes in stroke index 
and heart rate, as compared with sitting at rest, 
in normal subjects and patients with either left 
ventricular diseases or mitral stenosis. (See text for 
details.) 
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panying the increased flow. Mean pulmo- 
nary arterial pressure rose somewhat, es- 
pecially in patients with mitral stenosis. 
Radial arterial pressure was not signifi- 
cantly altered in either group, but tended 
to rise in those with left ventricular dis- 
eases and to fall in the individuals with 
mitral stenosis. 


Both normal subjects and cardiac pa- 
tients exhibit a fall in stroke volume and 
cardiac output when they change from the 
supine position to sitting upright. Inas- 
much as estimates of the ‘‘central blood 
volume” have revealed a corresponding 
decrease with this change in posture,”° it 
is likely that there was a proportionate 
reduction in atrial volumes, and, in turn, 
the diastolic filling volumes of the ven- 
tricles. Thus, these changes in blood flow 
with changes in posture are compatible 
with the Starling hypothesis that the 
“amount put out at each beat depends 
directly on the diastolic filling.’’*! 

Myocardial stimulation with isoprotere- 
nol produced more acceleration of heart 
rate in the cardiac than in the normal 
subjects." Indeed, in patients with mitral 
stenosis there was an even greater positive 
chronotropic response as well as a smaller 
positive inotropic response in stroke index. 
Statistically, normal subjects were re- 
ported® to increase stroke index signi- 
ficantly (p < .02), but neither type of 
cardiac patient reported here showed a 
significant increase (p > .1). This response 
undoubtedly varies with the quantity of 
drug administered and with the selection 
of cardiac patients made, for previous 
studies!” on patients with left ventricular 
diseases have demonstrated a small rise 
in stroke index with isoproterenol (p < .03). 
Because of the faster heart rate in cardiac 
patients reported here, changes in left ven- 
tricular work per minute and systemic 
resistance during infusion with isoprotere- 
nol were similar to those observed in normal 
subjects. 

Total pulmonary resistance diminished 
during infusions of isoproterenol in patients 
with left ventricular diseases. In a few 
instances in which changes in PC pressure 
were measured, there was a decrease: in 
these patients in contrast to a rise in those 
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with mitral stenosis, in whom the stenotic 
lesion produced a relatively fixed resistance 
to filling of the left ventricle. Hence, the 
increased pulmonary ‘‘capillary’’ pressure 
was a result of increased flow through a 
small mitral orifice. Ventilation in patients 
with mitral stenosis also tended to be 
higher with isoproterenol than in patients 
with left ventricular diseases. It should be 
noted, however, that in the making of these 
comparisons with left ventricular diseases, 
the observations were based upon patients 
who did not exhibit pulmonary hyperten- 
sion secondary to left ventricular failure. 

Exercise in the upright posture produced 
the expected increase in oxygen consump- 
tion and rise in ventilation, heart rate, 
cardiac index and left ventricular work, as 
well as widening of the arteriovenous 
oxygen difference. Systemic resistance di- 
minished as blood flow increased. In con- 
trast to the findings in normal subjects,” 
stroke index showed only a small average 
increase above the resting value when the 
subjects were seated (Fig. 1). Despite 
greater acceleration of heart rate, cardiac 
index did not increase as much in these 
cardiac patients as in normal subjects 
performing a comparable amount of work 
on the treadmill.” 

Patients with mitral stenosis differed 
from those with left ventricular diseases in 
their responses to exercise, in that the 
average stroke volume did not increase 
above the resting value while they were 
seated. Also in the patients with mitral 
stenosis, mean systemic arterial pressure 
failed to increase. This phenomenon of 
“exertional hypotension’? was described 
previously in association with the inability 
to increase stroke index with exertion 
above the level found in the upright pos- 
ture at rest.! Thus, the capacity to increase 
the effective stroke output with exertion 
was quantitatively more impaired in pa- 
tients with mitral stenosis who had high 
resistance to diastolic filling of the left ven- 
tricle. The other components of oxygen 
transport, namely, heart rate and arterio- 
venous oxygen difference, were not limited, 
but rather tended to exhibit compensatory 
increases above the normal range. With 
exercise, however, pulmonary arterial pres- 
sure increased in all instances, whereas 
total pulmonary resistance exhibited a 
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wide range of responses. Since the ‘‘PC”’ 
pressure was not recorded under this ex- 
perimental condition, no inference could 
be made with regard to changes in vascular 
resistance. 

Ventilation increased in response to 
isoproterenol. This was a significant change 
in patients with left ventricular diseases, 
and not associated with any rise in pulmo- 
nary arterial pressure. In patients with 
mitral stenosis who also had some pulmo- 
nary vascular engorgement, increases in 
ventilation were correlated with a rise in 
pulmonary arterial pressure under all ex- 
perimental circumstances (r ranged from 
+0.68 to +0.85). Whereas the ventilatory 
response could be mediated primarily by 
central neurogenic mechanisms, it was 
possibly enhanced by stimulation of pulmo- 
nary stretch reflexes in patients with mitral 
stenosis. 

Cardiac index was correlated with oxygen 
consumption in all 14 patients (r varied 
from +0.54 during isoproterenol to +0.86 
during walking). Hence, regulation of car- 
diac output was determined largely by 
metabolic activity, as reflected in the total 
body oxygen consumption. Undoubtedly, 
it was modified in accord with Starling’s 
concepts by the effects of changes on the 
distribution of blood volume available for 
diastolic filling of the ventricles. Under 
special circumstances it was predominantly 
affected by myocardial stimulation. Fi- 
nally, in these patients with cardiovascular 
diseases, regulation was altered by patho- 
logic mechanisms affecting diastolic filling 
and effective systolic ejection of the left 
ventricle. Although stroke index correlated 
with cardiac index (r ranged from +0.68 
to +0.90), heart rate was not related to 
cardiac index during recumbency, _iso- 
proterenol, or sitting (r = —0.39 to +0.07), 
but was inversely related during walking 
(r = —0.59). This lack of a direct relation- 
ship is attributed to the excessive increase in 
heart rate, as a compensatory mechanism 
for approaching a more nearly adequate 
cardiac output relative to the metabolic 
requirements of the body. Thus, when the 
capacity to increase stroke index is im- 
paired by disease, a relative tachycardia 
is the only compensatory response avail- 
able to the heart. If the available accelera- 
tion of heart rate is insufficient to produce 


the necessary flow of blood to meet the 
metabolic requirements of the peripheral 
tissues, further increases in arteriovenous 
oxygen difference, or rate of oxygen extrac- 
tion from the available blood flow, ensue. 
Failure of these mechanisms initiates a 
compensatory increase in anaerobic metab- 
olism at the cellular level.” 


Summary 


1. Cardiovascular responses to changes 
in posture, exercise in the upright position, 
and myocardial stimulation with isopro- 
terenol have been studied in 14 patients 
with diseases of the left side of the heart. 
Seven patients had limitations of diastolic 
filling of the left ventricle imposed by mitral 
stenosis, and 7 patients had lesions which 
reduced the effective systolic ejection of the 
left ventricle. 

2. In both types of patients, stroke 
index fell and arteriovenous oxygen dif- 
ference widened significantly with a change 
in posture from supine to sitting upright. 

3. The mean values during rest in the 
recumbent position were virtually normal 
for patients with left ventricular diseases. 
Although heart rate and cardiac index in- 
creased significantly with the exertion of 
walking, stroke index increased toward, but 
not above, the resting supine value, and the 
mean arterial pressure, on the average, in- 
creased slightly. 

4. Patients with mitral stenosis tended 
to have lower stroke and cardiac indices 
and higher pulmonary arterial pressure and 
ventilation during rest in the recumbent 
position. Cardiac index was increased by 
the exertion of walking, largely because of 
a disproportionate acceleration of heart 
rate; stroke index, on the average, showed 
no increase above the lowered value pro- 
duced by the patient’s sitting upright. 
The average systemic arterial pressure 
for these patients did not rise. 

5. Myocardial stimulation with iso- 
proterenol during recumbency significantly 
increased heart rate, cardiac index, and 
left ventricular work, and lowered systemic 
arterial resistance in both types of patients. 
Except in 2 patients with pulmonary vascu- 
lar disease, total pulmonary resistance di- 
minished. 

6. A primary defect of patients with 
diseases of the left side of the heart is an 
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impaired capacity to increase stroke output 
in response to exertion or to myocardial 
stimulation. This may result from a number 
of mechanisms distorting effective systolic 
ejection; such capacity is particularly re- 
stricted by lesions, such as mitral stenosis, 
that offer increased resistance to diastolic 
filling of the left ventricle. Compensatory 
mechanisms include tachycardia, widening 
of the arteriovenous oxygen difference, and 
anaerobic metabolism. 

7. There was a significant correlation 
in patients with mitral stenosis between 
minute ventilation and pulmonary arterial 
pressure under each experimental state. 
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The value of 
the apexcardiogram as a reference tracing 
in phonocardiography 


Alberto Benchimol, M.D. 

E. Grey Dimond, M.D. 

John C. Carsen, M.D. 
La Joi, Calif. 


he growing importance of phono- 
cardiography as a diagnostic tool has 
emphasized the need for a simpler and 
better reference tracing. Indirect arterial 
tracings,'“* carotid and peripheral (fe- 
moral,® brachial, and radial) are of aid in 
identifying the aortic and pulmonic com- 
ponents of the second sound but they are 
of no value in the identification of the 
diastolic events of the cardiac cycle. The 
jugular venous tracing is the best reference 
tracing available to identify the events 
from the right side of the heart, as has 
been recently emphasized by Hartman.® 
The time lag from the right auricle to the 
jugular vein, with the present type of re- 
cording devices, seems to be negligible. 
However, only indirectly does the jugular 
venous pulse give information of the events 
in the left side of the heart.*-® 
Since 1957, we have been recording the 
movements of the chest wall overlying the 
left and right ventricles and designating 
the tracings as the apexcardiogram (ACG).’ 
With careful attention to detail, and in 
certain specific conditions, the activity of 
the two ventricles can be separated: the 
right and left apexcardiogram. Hartman,*® 
prior to this time, had established the value 
of this measurement. 


Material and method 


The present report is based on our ex- 
perience with over 1,200 patients in whom 
the ACG was recorded. In over 200 patients 
the ACG was obtained before and after 
heart operation for correction of various 
congenital and acquired malformations of 
the left and right sides of the heart. 

In the great majority of our patients the 
clinical diagnosis was confirmed by right 
or left heart catheterization, cineangio- 
cardiography, and dye-dilution studies, as 
well as operation or postmortem exami- 
nation. All the tracings in this report were 
recorded from patients with diagnoses 
proved by cardiac catheterization or oper- 
ation. 

The equipment used for recording the 
phonocardiograms and apexcardiograms 
was the Sanborn Twin-Beam phonocardi- 
ograph with a Sanborn microphone (62- 
1500-C 13). The paper speed was 75 mm. 
per second. The ACG was recorded using 
a pulse crystal microphone (Sanborn #374) 
which reproduces. an electrical signal pro- 
portional to changes in pressure in the 
tubing. Frequency response of this crystal 
microphone is from 1 to 1,000 cycles per 
second. Detailed study of the electronic 
characteristics of this system has been 
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Fig. 7. Apexcardiogram of the left ventricle. Normal 
subject. Split first sound in both tracings occurring 
before the peak of the systolic wave. Components 
of the apexcardiogram as described in the text. 
IC, Isometric contraction. JR, Isometric relaxation. 
RFW, Rapid filling wave. SFW, Slow filling wave. 
“a,” Atrial wave. 


described by Miller and White.’ After 
completion of the routine PCG, the point 
of maximal impulse with the patient in the 
left lateral decubitus position was deter- 
mined by palpation, and a left ventricular 
complex was confirmed on the electrocar- 
diogram from this point. The sound micro- 
phone was then positioned so that the 
pick-up bell with side opening tube was 
placed directly over the point of maximal 
impulse, and the ACG was recorded simul- 
taneously with the PCG. When it was 
desirable to have the microphone at a dif- 
ferent auscultatory area that was not the 
apex, a funnel-type of cup applicator (as 
used to record the indirect carotid tracing) 
was used. The tracings were recorded in 
mid-expiration. The technique to record 
the right ventricular ACG* was essentially 
the same as described above, except that 
the pick-up bell or the cup applicator was 
placed at the left sternal border, fourth or 
fifth intercostal space, and a right ventricu- 
lar electrocardiographic complex was re- 
corded from this area. 

The following abbreviations have been 
employed in this report: J, first sound; 


*The term right veniricular apexcardiogram is not ideal to 
describe the tracings recorded at LSB-4th ICS, which 
represents the movement of the body of the right ventricle 
rather than the apex. However, the terminology is well 
known and we have used it simply because it has back- 
ground and in general is understood. 
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2, second sound; 3, third sound; 4, fourth 
sound; A», aortic valve closure; P:, pul- 
monic valve closure; OS, opening snap; 
SM, systolic murmur; DM, diastolic mur- 
mur; ASM, atrial systolic murmur; ACG, 
apexcardiogram; O-point, beginning of 
filling wave; RFW, rapid filling wave; 
SFW, slow filling wave; JC, isometric con- 
traction; JR, isometric relaxation; ‘‘a’”, 
atrial wave. Vertical lines in the tracings 
are 0.04 second apart. In several patients, 
the ACG was recorded during right or left 
heart catheterization with simultaneous 
atrial and ventricular pressure curves. In 
these circumstances, the ACG was recorded 
with the Sanborn Poly-Viso. 


Normal apexcardiogram 


A normal ACG presents the following 
waves: ‘‘a’’ waves, due to atrial contraction; 
systolic wave, due to ventricular contrac- 
tion; rapid filling wave (RFW), due to 
rapid early diastolic filling; slow filling 
wave (SFW), follows the RFW and ends 
at the level of the a wave, representing the 
slow ventricular filling (see Fig. 1). 

After the atrial contraction represented 
by an ‘‘a’’ wave which is coincident with 


Fig. 2. Apexcardiogram of the right ventricle. Two 
cases of ventricular septal defect with severe pulmo- 
nary hypertension. Note the presence of systolic 
ejection click which follows the peak of the systolic 
wave by 0.03 to 0.04 second. Observe the diastolic 
murmur of pulmonary insufficiency starting before 
the O-point. The phonocardiograms were recorded 
at the left sternal border, fourth intercostal space, 
with logarithmic technique. Compare with Fig. 1. 
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Fig. 3. Apexcardiogram of the right ventricle. Top: 
Pulmonary stenosis and ventricular septal defect. 
Bottom: Atrial septal defect. Note the widely split 
second sound with both components preceding the 


ae ” 


O-point. Small ‘a’ waves are recorded in both 
tracings. Systolic ejection murmur. Compare with 
Fig. 4. 


the fourth sound, the tracing reveals a 
rapid rise, reaching a maximal peak at the 
moment of the closure of the atrioventricu- 
lar valves. That component (from the end 
of the ‘‘a’’ wave to the peak of the systolic 
wave) appears to represent the isometric 
contraction. 

The systolic wave has usually a ‘“‘tent”’ 
shape, followed by a systolic depression 
which reaches at that level a plateau, and, 
finally, a sharp and rapid drop at the end 
of the systole. At that moment, the tracing 
reaches the base line, and this point marks 
the opening of the A-V valves and the be- 
ginning of the diastolic filling phase of the 
ventricles (O-point). The second sound 
precedes the beginning of the filling wave 
by 0.04 to 0.08 second (Fig. 1). 

The early diastolic filling is represented 
in the ACG by a sharp rise which reaches 
a definite peak, this peak being coincident 
with a third sound. The duration of the 
RFW ranges from 0.04 to 0.12 second, 
depending on the total diastolic period of 
the cardiac cycle. This RFW represents, 
in height, 10 to 30% of the total amplitude 
of the tracing (100 per cent). From that 
point, the RFW is substituted by a slow 
rising which represents the slow filling 
wave. The slow filling wave ends at the 
level of the ‘‘a’’ wave and represents the 
end of passive diastolic filling (Fig. 1). 
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Fig. 4. Apexcardiogram of the left ventricle. Mitral 
stenosis. Note the opening snap of the mitral valve 
consistently coincident with the O-point. Observe 
also absence of rapid filling wave. Phonocardio- 
graphic signs of mitral stenosis. Mid-diastolic mur- 
mur starting after the beginning of SFW. In the 
top tracing, the opening snap could be confused with 
a third sound because of the long 2-OS interval 
(0.11 second). Compare with Fig. 11. The phono- 
cardiograms were recorded at the apex. 


Fig. 5. Apexcardiogram of the left ventricle. Mitral 
regurgitation. Note the third sound and _ short 
diastolic murmur starting at the peak of the rapid 
filling wave, which is very prominent. In the top 
tracing, note the split of the second sound. The 
pulmonic component of the second sound should 
not be confused with the opening snap since it 
occurs before the O-point. Compare with Fig. 4. 
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Fig. 6. Apexcardiogram of the right ventricle. Con- 


strictive pericarditis. Note a prominent third sound . 


coincident with the peak of rapid filling wave. 


Fig. 7. Simultaneous recording of the left ventricular 
apexcardiogram, electrocardiogram, and pulmonary 
wedge tracings in a patient with mitral regurgitation. 
Note the beginning of RFW (O-point) coincident 
with the peak of the “‘v’”’ wave (opening of the 
mitral valve). 


Time relationship of the events in 
the cardiac cycle as related 
to the apexcardiogram 


1. First sound. The first sound usually 
precedes the peak of the systolic wave by 
an average of 0.02 second. In conditions 
associated with splitting of the first sound, 
both components should precede the peak 
of the systolic wave. The ACG seems to be 
of important value in this particular in- 
stance, since it is possible to differentiate 
the split of the first sound from the systolic 
ejection click (Figs. 1 and 2). However, it 
should be mentioned that occasionally, due 
to very short isometric contraction as 
occurs in cases of severe right or left ven- 
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tricular hypertension, the systolic ejection 
click will occur very early in systole and 
will be almost inscribed with the first 
sound, making the separation between the 
two components nearly impossible by any 
method.!-8 

2. Systolic ejection click. The systolic 
ejection click follows the peak of the sys- 
tolic wave by 0.04 to 0.08 second.!* The 
differentiation from split first sound was 
discussed above (Fig. 2). 

3. Mid-systolic click. The mid-systolic 
click usually coincides with the initial 
descending limb of the systolic wave and 
is often coincident with the systolic plateau. 

4. Second sound. The ACG is of special 
value in differentiating the second sound 
from the opening snap.’ However, it does 
not separate the two components of the 
second sound (Az, and P2), and in this par- 
ticular instance the carotid tracing is a 
superior reference tracing. Nevertheless, 
both components of the second sound 
precede the beginning of the filling wave, 
and the differential diagnosis between 
opening snap and split second sound is 
based on this fact (Figs. 3 and 4). 

5. Opening snap. The ACG is extremely 
useful in the identification of the opening 


| 
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Fig. 8. Apexcardiogram of the left ventricle. Two 
cases of aortic stenosis. Quadruple rhythm with 
third sound coincident with the peak of RFW and 
fourth sound with ‘a’ wave. Note giant “a” wave 
in the bottom tracing, suggesting powerful left atrial 
contraction. Observe also that the ejection murmur 


starts after the peak of the systolic wave. 
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Fig. 9. Apexcardiogram of the right ventricle. Severe, 
isolated, pulmonary valvular stenosis. Systolic 
ejection murmur starting after the peak of the 
systolic wave. Note the fourth sound coincident 
with the peak of ‘a’ wave in the apexcardiogram. 


| 


Fig. 10. Apexcardiogram of the left ventricle. Arteri- 
osclerotic heart disease with left heart failure. Note 
fast heart rate (115 per minute), third sound gallop 
coincident with a rapid filling wave (RFW), and 
atrial systolic murmur (ASM) coincident with 


prominent ‘‘a’’ wave. 


snap of the mitral or tricuspid valve. The 
opening snap should always be coincident 
with the beginning of the filling wave (O- 
point). Since the ACG records the move- 
ment of the chest wall overlying the 
ventricle, the time delay due to pulse wave 
transmission is negligible (Fig. 4). 

6. Third sound. The third sound, when 
present, is coincident with the peak of the 
rapid filling wave which marks the end of 
rapid diastolic filling (Figs. 5 and 6). Simul- 
taneous left ventricular ACG with pulmo- 
nary wedge or left atrial curves demon- 
strates that the beginning of the RFW 
(O-point) is coincident with the ‘‘y’’ de- 
scent of the ‘‘v’’ wave (which marks the 
opening of the A-V valve), and the end of 
the RFW is coincident with the end of the 
“‘y” descent, which marks the end of rapid 
emptying of the right or left atrium (Fig. 7). 

7. Fourth sound. The ACG can be used 
to identify the fourth sound. The fourth 
sound, which is due to atrial contraction, 
produces an “‘a’’ wave in the ACG. Con- 
ditions associated with right or left auricu- 
lar overload exaggerate the ‘‘a’’ wave of 
the ACG. The fourth sound should be co- 
incident with the ‘“‘a’’ wave of the ACG 


Fig. 11. Apexcardiogram of the left ventricle. Top: 


Patent ductus arteriosus without pulmonary hyper- 
tension. Note continuous murmur going through 
the second sound. The diastolic component of this 
murmur starts before the O-point in the ACG. 
Bottom: Aortic regurgitation. Observe the arterial 
diastolic murmur starting before the O-point, which 
is very prominent. Tall ‘‘a” waves. Compare with 
Fig. 4. 


Fig. 12. Apexcardiogram of the right ventricle. 
Top: Moderately severe pulmonary regurgitation 
after pulmonary valvulotomy for correction of 
pulmonary stenosis. Note that the diastolic murmur 
precedes the O-point. Bottom: Pulmonary regurgita- 
tion in a patient with primary pulmonary hyper- 
tension (RV pressure of 130/5 mm. Hg). In addition 
to the diastolicjmurmur which starts before the 
O-point, note the split of the first sound, with both 
components preceding the peak of the systolic wave. 
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Fig. 13. Apexcardiogram of the left ventricle. Top: Aortic stenosis and insuf- 
ficiency with first-degree A-V block. Note the time interval between the atrial 
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wave and the systolic wave (0.29 second). Bottom: Arteriosclerotic heart 
disease with 2:1 block. Note the ‘“‘a’’ wave coincident with the fourth sound. 


(Figs. 8 and 9). Simultaneous ACG with 
atrial curves demonstrates that atrial and 
apexcardiographic ‘“‘a’’ waves occur si- 
multaneously. 

8. Systolic regurgitant murmurs. The 
ACG identifies systolic regurgitant!” 
murmur perhaps better than does the 
carotid tracing, in so far as time relation- 
ship is concerned. Mitral or tricuspid 
regurgitation and ventricular septal defects 
produce murmurs which start immediately 
after the first sound. When the heart mur- 
mur is recorded simultaneously with the 
ACG, it is noted that the murmur starts 
immediately after the peak of the systolic 
wave (Fig. 5). 


Fig. 14. Apexcardiogram of the left ventricle. Mitral 
stenosis. Note the systolic ejection click occurring 
after the peak of the systolic wave. Observe the 
absence of the opening snap. Nevertheless, the 
distance between the second sound and the opening 
of the mitral valve can be calculated by measuring 
the time interval between the second sound and the 
beginning of the filling wave (2-FW interval). Note 
also the absence of a rapid filling wave. 


These arrhythmias were confirmed by the electrocardiogram. 


9. Systolic ejection murmurs. Aortic 
stenosis, pulmonic stenosis, and murmurs 
due to increased flow across the pulmonic 
or aortic valves produce a typical murmur 
which starts somewhat late in systole and 
ends before the second sound. These mur- 
murs, when timed against the ACG, start 
after the peak of the systolic wave, having 
maximal intensity during the first descend- 
ing limb of the systolic wave, which repre- 
sent the period of maximal ventricular 
ejection (flow at high velocity) (Figs. 3 
and 9). 

10. Atrial systolic murmurs. Mitral ste- 
nosis and tricuspid stenosis with sinus 
rhythm, septal defects, heart failure, etc., 
produce an atrial systolic murmur which 
starts with the ‘‘a’’ wave of the ACG and 
ends at the following isometric contraction, 
just prior to the peak of the systolic wave, 
as demonstrated in Figs. 4 and 10. 

11. Atrioventricular diastolic murmur. 
The ACG is of special value in differenti- 
ating an atrioventricular murmur from an 
arterial diastolic murmur. In the former, 
the murmur starts at the beginning of the 
filling wave in the ACG, and in the latter, 
the murmur starts prior to the filling wave 
(Figs. 4 and 5). 

12. Arterial diastolic murmurs. Aortic 
and pulmonary insufficiency produce a 
diastolic murmur that starts during iso- 
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Fig. 15. Artefacts in the apexcardiogram. Top: 
Somewhat common type of artefact. Note that there 
is a marked drop in the systolic wave (arrow), with 
a small positive wave at the level of the second 
sound. The late part of the rapid filling wave is well 
recorded and is coincident with the third sound. 
The ‘“‘a” wave holds a normal relationship to the 
fourth sound. The expected configuration of the 
apexcardiogram is indicated by the dashed line. 
Bottom: Apexcardiogram of the right ventricle, 
demonstrating artefactual rapid filling wave. Note 
the systolic drop of the systolic wave. The two 
components of the second sound were identified in 
other tracings by the relationship to the dicrotic 
notch of the carotid tracing. 


Fig. 16. Common type of artefact, occurring when 
the pulse wave pick-up is placed on the periphery 
rather than exactly over the apex beat. Thus, an 
out-of-phase pulse wave is recorded and registers 
a negative systolic deflection. The expected con- 
figuration of the apexcardiogram is indicated by the 
dashed line. 


metric relaxation of the left or right ven- 
tricle, consequently before the atrioventri- 
cular valves open (Figs. 11 and 12). In 
that circumstance, the ACG readily identi- 
fies the type of murmur by its relationship 
to the diastolic filling wave as described 
above. 

13. Arrhythmias. The apexcardiogram 
seems to be a useful aid in the identification 
of certain types of arrhythmias and atrio- 
ventricular conduction effects. As demon- 


strated in Fig. 13, a first-degree A-V block 
is readily identified by prolongation of the 
interval between the ‘‘a’’ wave and the 
beginning of the systolic wave. 

Right ventricular apexcardiogram. By 
means of this technique, the right ventricu- 
lar ACG was very seldom recorded in a 
normal subject. In a few cases in which 
tracings were obtained at the left sternal 
border, third to fifth intercostal space, no 
reproducibility was obtained. Perhaps a 
more sensitive type of device requiring a 
more complex type of equipment, as de- 
scribed by Eddleman"™:” and Harrison, 
would allow a more nearly accurate trac- 
ing. However, in conditions associated with 
right ventricular overload, a right ventricu- 
lar ACG can be recorded and presents the 
same components as described above for 
the ACG of the left ventricle (Figs. 2, 3, 
6, 9, and 12). Occasionally, as was empha- 
sized by Hartman,* one may be able to 
record an ACG from the right and left 
ventricles in the same patient. 


Fig. 17. Simultaneous right ventricular apexcardio- 
gram with electrocardiogram and pressure curves of 
the right ventricle (RV), main pulmonary artery 
(MPA), right atrium (RA), and left ventricle (LV). 
Note “a” wave of the ACG coincident with “a” 
waves in the right atrial curves and P waves in the 
EKG. Observe also the beginning of ejection in the 
MPA curves coincident with the peak of the systolic 
wave in the ACG. 
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Fig. 18. Simultaneous left ventricular apexcardiogram (ACG-LV), indirect carotid 
tracing (CT), electrocardiogram (EKG), and a phonocardiogram in a patient with aortic 
stenosis. Note that the fourth sound occurs at the peak of “‘a’’ wave. Observe also the 
beginning of ejection in the carotid tracing coincident with the peak of the systolic wave 
in the ACG. The dicrotic notch of the CT precedes the O-point in the ACG by 0.03 
second. 


The ACG seems to fulfill almost all re- 
quirements of an ideal reference tracing in 
phonocardiography. It does not provide 
information about the two components of 
the second sound, although it differentiates 
the second sound from the opening snap of 
the mitral valve, as demonstrated in Figs. 
3, 4, and 5. It is, by far, superior to the 
carotid tracing, electrocardiogram, and, 
in many instances, it does obviate the need 
to have a multichannel sound recorder 
for time purposes. In that fashion, an 
ordinary two-channel phonocardiograph 
can be used with great accuracy. Perhaps 
its greatest value lies in the identification 
of the diastolic events of the cardiac cycle, 
and particularly in the differential diag- 
nosis between the second sound, the open- 
ing snap, and the third sound, which dif- 
ferentiation provides for the most common 
mistakes made in phonocardiography, 


In addition, in cases of mitral stenosis 
with calcified valve and absent opening 
snap it is possible to measure the distance 
between the second sound and the be- 
ginning of the filling wave (2-FW), and 
this interval has exactly the same value 
as 2-OS interval (Fig. 14). This fact should 
be strongly emphasized because of its 
practical usefulness. 

Aside from its value as a_ reference 
tracing, the ACG can show interesting 
abnormalities of its components in the 
case of some valvular lesions or cardiac 
defects. As we have demonstrated in a 
previous report,’? the analysis of the di- 
astolic component of the ACG seems to be 
helpful in the differential diagnosis between 
mitral stenosis and regurgitation. In mitral 
stenosis, the rapid filling wave is absent 
(Fig. 4), and in mitral regurgitation, there 
is an accentuation of this component 
(Fig. 5). In the presence of combined re 
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gurgitation and stenosis, the ACG seems 
to be of special value. In this circumstance, 
the \CG continues to show absence of 
RF\W when stenosis predominates, and 
presence of RFW when regurgitation is the 
primary lesion. Conditions associated with 
ventricular diastolic overloading, as in 
aortic and pulmonic insufficiency, septal 
defects, etc., tend to increase the rapid 
filling wave of the ACG. On the other 
hand, conditions associated with ventricu- 
lar systolic overload, as in aortic and pul- 
monic stenosis, systemic and pulmonic 
hypertension, etc., tend to increase the 
amplitude of the “‘a’’ wave, and changes 
in the shape of the systolic wave are ob- 
served as well, as demonstrated in Figs. 
8 and 9. However, the abnormalities of the 
systolic component of the ACG have been 
variable, and a special study is being 
presently undertaken in order to clarify 
some of these problems. 

The technique of recording the ACG 
must be developed by practice, and initial 
attempts usually result in artificial curves, 
as demonstrated in Figs. 15 and 16. Dif- 
ficulty in recording the apexcardiogram is 
usually encountered in patients with pul- 
monary emphysema, marked chest de- 
formity, and obesity. We do not wish to 
convey an impression of overenthusiasm 
for the value of the method described or 
to imply that the recording of displacement 
curves or attempts to explain their possible 
values is a new concept. Others*:5-!§ have 
tried to define a physiologic role for the 
components of the apexcardiogram, but 
very few have attempted correlation with 
intracardiac pressure curves.'* We believe 
that at the present time we have accumu- 
lated enough material to confirm that the 
components of the ACG represent the 
mechanical events of the left and right ven- 
tricles (Figs. 17 and 18). 


Summary and conclusion 


The value of the apexcardiogram as a 
reference tracing in phonocardiography 
has been emphasized. The greatest value 
of the apexcardiogram (ACG) seems to be 
in the identification of the diastolic events 
of the cardiac cycle, since no reference 
tracing presently in use can provide this 
information. 

The abnormalities of the ACG in con- 
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ditions associated with ventricular systolic 
or diastolic overloading were discussed. 
The great usefulness of the ACG in cases 
of mitral valve disease was emphasized. 


We wish to thank Dr. P. Frank Trotta, Dr. E. 
Crow, Dr. Yen Shen, Mrs. Carol Dafoe, and Miss 
Rosemary Chapman for their technical assistance. 
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Cardiopulmonary changes in scleroderma 


A physiologic study 


P. K. Conner, M.D. 
F. A. Bashour, M.D., Ph.D. 
Dallas, Tex. 


pages is a generalized connective- 
tissue disorder of unknown etiology 
which frequently produces cardiopulmo- 
nary damage. The disease occurs mainly 
in women between the third and the sixth 
decades, and evidence of visceral involve- 
ment usually follows the articular and 
cutaneous manifestations.'? Occasionally, 
pulmonary or cardiac symptoms may herald 
the onset of the disease,'** but in such cases 
the diagnosis is usually missed. 

The general clinical picture of scler- 
oderma is well known, but the hemody- 
namic and pulmonary derangements it 
may produce have received insufficient 
emphasis. For this reason, detailed cardio- 
pulmonary studies were done in 4 patients 
with scleroderma heart disease in the hope 
of characterizing the derangements more 
precisely. Ventilatory and diffusion studies 
and right heart catheterization were per- 
formed in each instance. The clinical diag- 
nosis in the 4 patients was based mainly 
on the involvement of the skin and various 
organs, including the esophagus, and on 
skin biopsies. There was no evidence of 
valvular, hypertensive, or overt coronary 
arterial disease. 


Case Material 


Case 1. A 40-year-old Negro woman first noted 
Raynaud's phenomenon in early 1958. Progressively, 
the skin over the arms, chest, and legs became tight 
and shiny, with some limitation of motion of the 


joints. In July, 1958, she underwent a right thora- 
cotomy after a gunshot wound. The postoperative 
course was complicated by a reaction to transfusion 
which was characterized by chills and fever and 
a residual pleural thickening. Blood serology was 
positive. Repeated lupus erythematosus cell prep- 
arations, latex fixation, and sheep cell agglutina- 
tion tests were negative. Sedimentation rate was 
65 mm. per hour. The electrocardiogram was normal. 
Fluoroscopy with barium swallow showed a dilated, 
inert esophagus. Skin biopsy was negative. 

In July, 1959, dysphagia, heartburn, exertional 
dyspnea, orthopnea, frequent bouts of paroxysmal 
nocturnal dyspnea, and dependent edema made their 
appearance. She denied cough, pleurisy, loss of 
weight, or hemoptysis. The skin had become waxy, 
shiny, atrophic, and bound down over the dorsum 
of fingers, hands, and wrists. There were similar 
changes over the thorax and face, causing restriction 
of temporomandibular motion. No lymphadenop- 
athy or alopecia was noted. The tongue was normal. 
The lungs were clear except for dullness and de- 
creased breath sounds at the right base. Blood pres- 
sure was 120/70 mm. Hg. The heart was not en- 
larged, and no murmurs were heard. The second 
sound at the base in the pulmonic area was split. 
The liver was not enlarged, but the tip of the spleen 
was felt. The rest of the physical examination was 
noncontributory. 

The hemoglobin was 13 Gm. per 100 ml. Urinaly- 
sis was normal. Blood urea nitrogen and serum 
electrolytes were normal. Albumin/globulin ratio 
was 3.6/4.8 Gm.; Bromsulphalein test showed 16 
per cent retention after 45 minutes. The other 
liver function tests were normal. 

X-ray studies showed slight cardiomegaly and 
blunting of the right costophrenic angle (Fig. 1). 
The wrists and hands were normal. Barium swallow 
illustrated rigidity of the distal esophagus, creating 
a degree of functional obstruction. Barium remained 
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in the esophagus at least 1 hour. Ventilatory and 
cardia’ catheterization studies are presented in 
Tables I and II. 

Over a 4-week period she received 73 Gm. of 
versene (sodium EDTA), with dramatic improve- 
ment in the skin and motion of the joints. Three 
months later, the results of vitalometry and right 
heart catheterization were unchanged. On follow- 
ups, progressive changes in the skin have been 
observed. 

Case 2. A 52-year-old white man first noted 
stiffness and thickening of the skin over the 
hands and feet sufficient to restrict motion of the 
joints in August, 1958. He experienced no pain or 
swelling of the joints. When seen 2 months later, 
he denied dysphagia and cardiorespiratory symp- 
toms. The skin over the extremities was thickened 
and bound down, limiting motion in the fingers, 
wrists, and feet. There was definite weakness of the 
muscles of the hands, biceps, triceps, and quadriceps 
bilaterally. Examination of the heart and lungs was 
within normal limits. 

The hemoglobin level was 11.3 Gm.; total and 
differential leukocyte counts were normal. Urinalysis 
was negative. Serology, lupus erythematous cell 
preparation, latex fixation, and sheep cell agglutina- 
tion were negative. Serum electrolytes were normal. 
Albumin/globulin ratio was 4.0/2.8 Gm. Ventilation 
studies were normal. X-rays of the chest were 
normal. The electrocardiogram revealed nonspecific 
T-wave changes, which disappeared at a later date. 
A barium swallow demonstrated only a_ small 
hiatus hernia. Films of the hands were negative. 
Skin biopsy was compatible with scleroderma. 

He was treated with relaxin (40 mg. a day) over a 
3-week period, with prominent subjective but no 
objective improvement. In February, 1959, he was 
given a 3-week course of versene, during which 
time there was subjective improvement in the skin 
and motion of the joints; however, repeated measure- 
ment of the vital capacity showed no change. 

He was readmitted in January, 1960, with pro- 
gressive tightening of the skin. He again denied 
cardiorespiratory symptoms, and physical examina- 
tion of the heart and lungs was normal. He was 
again given 45 Gm. of versene, without definite 
objective changes. Prior to the above therapy, 
right heart catheterization and ventilation studies 
were performed (Tables I and IT). 

Case 3. A 52-year-old Negro woman had noted 
progressive tightening of the skin over the dorsum 
of the fingers and hands for 10 years, and inability 
to make a fist or to open her mouth widely for 2 
years. She experienced pain and discoloration of the 
finger tips on exposure to cold. She also complained 
of frequent heartburn, sensation of food stopping 
in the chest, and progressive exertional dyspnea 
for 4 months. She sometimes experienced nocturnal 
coughing paroxysms, allegedly productive of frothy 
sputum which contained streaks of blood. She specif- 
ically denied orthopnea, peripheral edema, fever, 
pleuritic pain, and loss of weight. 

Physical examination revealed a chronically ill 
woman with normal vital signs. She was able to 
lie flat without distress. There was generalized 
lymphadenopathy. There was depigmentation over 
the malar areas and tautness of the skin over the 
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face. The tongue appeared to be normal. The 
lungs were clear. The heart was diffusely enlarged, 
and there was pulsation in the left parasternal 
region. Normal sinus rhythm was present, and a 
soft systolic murmur was heard over the precordium. 
The second heart sound in the pulmonic area was 
split, and its second component was accentuated. 
Examination of the abdomen was negative. The 
skin over the forearms and fingers was taut, fixed, 
and shiny. There were punctate scars on several of 


Fig. 1. Case 1. Posteroanterior and left anterior 
oblique views of the chest. A bullet is seen in the 
left lower lung field just lateral to the thoracic 
vertebra. 
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Fig. 2. Case 3. Posteroanterior and right anterior 
oblique views of the chest. 


the finger tips. There was no cyanosis, clubbing of 
the fingers, or edema. 

Hemogram and urinalysis were normal. Blood 
serology was positive. Lupus erythematosus cell 
preparation, sheep cell agglutination, and latex fixa- 
tion tests were negative. Blood urea nitrogen and 
serum electrolytes were normal. Albumin/globulin 
ratio was 3.8/3.5 Gm., and a Bromsulphalein test 
showed 13 per cent retention after 45 minutes. 
Thymol turbidity was 9 units. 

The electrocardiogram showed right axis devia- 
tion and right ventricular preponderance. Skin 
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biopsy was reported as compatible with scleroderma, 
Cardiac fluoroscopy disclosed diffuse cardiomegaly, 
The pulmonary artery segment was prominent 
(Fig. 2). The esophagus was dilated and atonic. 
Ventilatory studies demonstrated marked restric- 
tive-obstructive defect (Table I), and right heart 
catheterization showed moderate pulmonary hyper- 
tension and decreased cardiac output (Table II). 

Case 4. A 45-year-old Negro woman was first 
seen in 1957, complaining of pain and stiffness of 
the fingers, wrists, and ankles, profound weakness, 
dysphagia, fever and 50-pound loss of weight 
during the preceding year. She was totally im- 
mobilized by the complaints. The skin of the ex- 
tremities and face was tight and atrophic. A skin- 
muscle biopsy showed changes that were compatible 
with scleroderma. The patient also had amicrocytic 
hypochromic anemia, but total and differential 
leukocyte counts were normal. Lupus erythematosus 
cell preparation was negative. Sheep cell agglutina- 
tion and serology were positive. Albumin/globulin 
ratio was 2.7/3.8 Gm. X-ray studies of the lungs 
and heart were normal, but the upper two thirds 
of the barium-filled esophagus was dilated and 
atonic. 

Her general condition improved on steroid ther- 
apy (Meticorten, 10 to 20 mg. per day), and after 
several weeks she was able to walk without as- 
sistance. Subsequent examinations revealed gradual 
increase of intensity of the second heart sound in the 
pulmonic area. A chest film taken in May, 1959, 
showed diffuse cardiomegaly for the first time, but 
she had no symptoms referable to the heart. In 
June, 1959, she experienced a single episode of 
hemoptysis, unassociated with chest pain or cough, 
and the lung fields were clear radiographically. 
The electrocardiogram showed right axis deviation, 
right ventricular preponderance, and tall peaked 
P waves (P pulmonale). The heart remained en- 
larged clinically, and the accentuated and split 
pulmonic second sound was noted to be fixed 
throughout the respiratory cycle. Data obtained 
by right heart catheterization are presented in 
Table II. Ventilatory studies, demonstrating re- 
strictive defect of severe degree, are given in Table I. 


The frequency of cardiac involvement 
in patients with scleroderma is unknown, 
but at postmortem, evidence of myocardial 
involvement was found by Piper and Hel- 
wig® in 28 of 31 cases. Cardiac manifesta- 
tions are attributable either to direct in- 
volvement of left ventricular muscle or to 
pulmonary fibrosis. In patients with fibrotic 
myocardial changes, left ventricular failure 
may occur; in those with pulmonary fibro- 
sis, right ventricular failure is the end re- 
sult. A diffusely enlarged and a weakly 
pulsating left ventricle is a late mani- 
festation of the disease and simulates, in 
some respects, pericardial effusion.*~® 
Eighteen months after the appearance 
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Table |. Vitalometric studies in patients with scleroderma 


Case 


2 Normal 


Forced vital capacity (FVC) 2.2 


FVC 
100 53 
Predicted FVC 


100 + 11 


67.8 = 5.8 


FEV».;: Forced expiratory volume, 0.5 second 


Table 11. Hemodynamic findings in patients with scleroderma 


| 
Pulmonary arterial pressure 
(mm. Hg) 


S/D 


Right auricular | Pulmonary wedge 
mean pressure 
(mm. Hg) 


Brachial artery 


mean pressure 
(mm. Hg) Content 
(vol. %) 


Saturation 


28/10 
26/12 
14/4 

64/30 
71/31 


15.44 
13.16 
17.54 
17.92 
13.05 


Breathing 100% oxygen 


Cardiac output | Cardiac index 


(L./min.) 


| 
(L./min./M.) | Arterial pCO2z | Arterial pO» | A-a gradient 
(mm. Hg) | 


(mm. Hg) | (mm. Hg) 


273 379 
365 297 
233 431 
194 455 
370 287 


*Assumed to be 40 mm. Hg. 
S: Systolic. D: Diastolic. 


of changes in the skin the patient of Case 
1 gradually developed cardiomegaly and 
congestive failure. Her cardiac output was 
quite low. As was anticipated, treatment 
with versene resulted in marked clinical 
improvement’; somewhat unexpectedly, her 
cardiac output became normal (Table II). 
It is not clear whether the improvement in 
cardiac output was the result of versene 


therapy alone or of the combined effect 
of versene and digitalis therapy. In actual 
fact, it seems doubtful that either drug 
would greatly. improve the cardiac status if 
diffuse fibrosis were present in the left 
ventricular muscle. Also, in Case 2, there 
was a reduced resting cardiac output, but 
there was no clinical evidence of cardiac 
disease, suggesting perhaps that myocardial 


tJ. 
196i | 
ma 
aly, 
nic. | 
tric- 
eart 
2.2 3.63 1.4 1.7 
II). 
first 
1€ss, 
ight 
FEVo: 1.5 1.4 2.6 0.7 1.2 
X- 
kin- FE\ 0.5 
ibe —— 68 64 72 44 71 
~ytic FVC 
i 
| | 
1 | — 
| 
| a Mean | (%) 
| 3 | 6 | | 94 
1,b | (19) a 7 92 
4 ( 9) 0 2 | 91 
4 (40) 3 | 5 | 94 
4. | (51) 4 | ‘. | 89 
| | 
| | | 
| | | 
Case 
Shunt” 
| | | (%) 
| 3sr | 19 | 3 | 20.2 
ib | 6.10 3.45 40 | | 17.7 
rent 2 | 2.83 1.59 32 | | 19.4 
wn, 1.57 0.90 | 18.7 
dial 4. | 2.41 | 1.53 46 | 11.7 
| | 
in- 
r to 
otic 
lure 
bro- 
re 
ikly 
ani- 
, in 
ince 


498 Conner and Bashour 


involvement may occur before clinical 
symptoms appear. The electrocardiogram 
in this patient showed abnormal T waves 
in the course of his illness, changes usually 
thought to be consistent with diffuse myo- 
cardial damage. 

In Cases 3 and 4, electrocardiographic 
evidences of right ventricular overload were 
present, and marked pulmonary hyperten- 
sion was found by cardiac catheterization 
(Table II). In these cases, it is believed 
that the disease process was primarily 
concentrated in the lungs. Such involve- 
ment has been reported in up to 50 per cent 
of patients with the disease.*:*-!° However, 
a higher incidence would undoubtedly be 
found if pulmonary function tests were 
routinely performed in such patients. Al- 
terations in pulmonary function are de- 
pendent upon the location and the extent 
of the fibrotic process. Involvement of the 
skin, the muscles of the thorax, the pulmo- 
nary parenchyma, and the pleura inter- 
feres with respiratory excursion and pro- 
duces a restrictive type of ventilatory de- 
fect. In this instance, the total vital ca- 
pacity is reduced. This was observed in all 
of our cases, but to a lesser extent in Case 2. 
In instances in which the fibrotic process 
involves the bronchial musculature, leading 
to emphysema and_ bronchiectasis,'' an 
obstructive type of defect may become 
apparent. Evidence of such a defect was 
obtained in Case 3 (Table I). A combined 
type of defect (restrictive and obstructive) 
may be present, therefore, in certain pa- 
tients with this disease. Versene therapy 
in Case 1 resulted in no objective improve- 
ment in pulmonary ventilation, although 
clinically the subject felt better. In both 
instances (Cases 1 and 4) in which diffusion 
studies by the single-breath carbon-monox- 
ide technique were performed, a marked 
reduction in diffusion was observed. The 
diffusion capacities were 11 and 17 ml. 
CO/min./mm.Hg, respectively, ascompared 
to a normal value of 30 ml.CO/min./mm. 
Hg. In Case 4 the low diffusion capacity 
could partly be explained by the low hemo- 
globin (6.5 Gm. per 100 ml.) present at 
the time of this study. 

Breathing 100 per cent oxygen for 30 
minutes resulted in a large alveolar-arterial 
(A-a) oxygen tension gradient in all of 
our cases (Table I1). This gradient ranged 
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between 287 and 455 mm. Hg, indicative 
of venoarterial shunting* through the lungs, 
The magnitude of the shunts varied be. 
tween 11.7 and 20.2 per cent of the re. 
spective cardiac output. In Case 1 the 
shunt did not significantly decrease after 
versene therapy which was accompanied 
by clinical improvement. 

The large alveolar-arterial (A-a) oxygen 
tension gradient observed in patients with 
scleroderma has been thought to represent 
an alveolar-capillary biock, a diffusion de- 
fect, caused by thickening of the alveolar 
septa.’ But in at least 2 of our patients 
(Cases 1 and 4) the A-a gradient resulted 
from a composite of two physiologic de- 
fects: a diffusion defect, as demonstrated 
by the reduction in diffusion capacity of 
carbon monoxide, and an intrapulmonary 
venoarterial shunting, both of which may 
have arisen from the same anatomic lesion, 
resulting in perfused nonventilated units 
of lung tissue. 

It is apparent, therefore, that in our 
cases of scleroderma the disease process 
involved both the heart and the lungs, with 
one organ predominating in its clinical 
manifestations. In instances in which the 
heart is primarily affected the fibrotic 
process in the ventricular muscles results 
in a reduction in the cardiac output (Cases 
1 and 2) prior to the clinical manifestations 
of left heart failure. But when the lungs 
are predominantly involved, pulmonary 
hypertension and the clinical picture of cor 
pulmonale appear. However, the findings in 
our patients suggest that in scleroderma 
an intrapulmonary venoarterial shunting 
and a diffusion defect are usually present, 
even in instances in which the heart ap- 
pears to be the organ mostly involved. 


Summary 


Four patients with scleroderma _ were 
studied by means of cardiac catheterization 
and measurements of pulmonary function. 


*The degree of pulmonary venoarterial shunting is calculated 
from the following equation!: 
AA-Vo2 difference ) 


Shunt = 1601 1 
AA-Voe difference + G 


where G represents the alveolar-arterial oxygen tension gra- 
dient multiplied by the Sendroy factor. This latter factor 
is equal to 0.003. The alveolar oxygen tension (PAQ:) 
was calculated from the alveolar equation.!3 The arterial 
oxygen tension (PaOz) was determined polarographically. 
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In one case the studies were repeated after 
versene therapy and subjective clinical im- 
provement. In 2 cases, a_ single-breath 
carbon-monoxide test was performed. 

In 2 cases, marked pulmonary hyperten- 
sion was found, and in all 4 cases, reduction 
in the cardiac output and index was demon- 
strated. 

All patients exhibited evidence of re- 
strictive ventilatory disturbance, but only 
one showed evidence of an obstructive type 
of pulmonary ventilatory defect. All pa- 
tients exhibited a large intrapulmonary 
venoarterial shunt. In the 2 patients in 
whom the single-breath carbon-monoxide 
technique was performed a diffusion defect 
was also observed. The large A-a PO: 
gradient described in these patients when 
they were breathing room air was the 
result of the combination of a diffusion 
defect and pulmonary venoarterial shunts. 

Versene therapy resulted in marked sub- 
jective improvement, but failed to improve 
the pulmonary ventilation or to diminish 
the intrapulmonary shunt. 
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Experimental 


and laboratory reports 


The effects of infusing quinidine sulfate 
and potassium chloride, separately and combined, 
on conduction times of the dog heart 


Leslie L. Bennett, M.D., Ph.D. 
Melvin L. Rubin, M.D. 
Charles E. Blevins, M.A. 
Bernard Baird, M.A. 

San Francisco, Calif. 


he production of conduction defects 

by high levels of quinidine, both 
within the atrium! and within the ven- 
tricle,? is well recognized. Likewise, it is 
well recognized that disappearance of P 
waves as well as slowing of conduction, both 
atrioventricular and intraventricular, occur 
in the presence of hyperkalemia.*:* The 
question arises whether the simultaneous 
presence of high levels of quinidine and hy- 
perkalemia would be additive or syner- 
gistic, with respect to the production of 
conduction defects. In an effort to answer 
this question, we have carried out experi- 
ments in which potassium chloride and 
quinidine sulfate, separately and in combi- 
nation, were infused into normal dogs. 
Plasma levels of both potassium and quini- 
dine were determined, and electrocardio- 
graphic tracings were obtained for analysis 
of conduction times. 


Method 


Nineteen mongrel dogs which weighed 
from 5.2 to 17.5 kilograms were used. All 
experiments were carried out under sodium 
pentobarbital anesthesia, and blood pres- 
sure was monitored continuously in all ani- 
mals by use of a damped mercury manom- 
eter. Serial electrocardiographic tracings 


were taken on each animal by means of a 
Sanborn Visocardiette and standard limb 
leads. Potassium chloride as an isotonic so- 
lution was infused intravenously at rates 
which varied from 1 to 4c.c. per minute; the 
rates were determined by the size of the 
dogs and by their responses. Quinidine sul- 
fate was dissolved in mammalian Ringer- 
Locke’s solution and likewise was given by 
intravenous infusion. When both potassium 
chloride and quinidine sulfate were admin- 
istered, the quinidine sulfate was dissolved 
in the potassium chloride solution. Blood 
for analysis was withdrawn from the fem- 
oral vein. Serum potassium was determined 
by use of a Perkin-Elmer Model 52A flame 
photometer, with lithium used as an in- 
ternal standard. Quinidine was determined 
by means of the fluorometric method of 
Brodie,> after deproteinization by meta- 
phosphoric acid. 

In some experiments, potassium chloride 
alone was infused (8 cases). In others, 
quinidine sulfate alone was infused (5 
cases). High levels of quinidine and potas- 
sium together were achieved in three dif- 
ferent ways: (a) by infusing both substances 
together from the beginning of the experi- 
ment (3 cases); (b) by first elevating the 
plasma potassium and then superimposing 
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infusions of quinidine (3 cases); (c) by first 
elevating the plasma quinidine and then 
superimposing infusions of potassium chio- 
ride (3 cases). Since no differences in results 
from these three procedures were apparent, 
they are considered together in the presen- 
tation of data. 


Results 


Effects upon cardiac rate and rhythm. 
When potassium chloride alone was given, 
no consistent changes in cardiac rate were 
produced until P waves disappeared, partial 
A-V block was produced, and/or ectopic 
beats occurred. No changes in blood pres- 
sure were observed until some change in 
cardiac rhythm took place. As the plasma 
quinidine was progressively elevated, the 
cardiac rate progressively slowed and the 
blood pressure progressively fell. In all but 
one animal, by the time the level of quini- 
dine in the blood reached 9 or 10 mg. per 
liter, the heart rate was between 50 and 70. 
This should be compared with the initial 
sinus tachycardia of 140 to 160 beats per 
minute which was found in these animals, 
as it is found in most dogs under sodium 
pentobarbital anesthesia. When quinidine 
alone was given, no rhythm other than a 
normal sinus rhythm was ever seen. When 
potassium and quinidine were both given, 
no additive effect of the hyperkalemia upon 
the quinidine-induced slowing of a sinus 
rhythm was observed. 

Effects upon the P waves. In conformity 
with findings previously reported,** P 
waves disappeared in dogs into which po- 
tassium chloride alone was infused, when 
the plasma potassium was sufficiently ele- 
vated. The levels of plasma potassium at 
which the P waves disappeared in these 
animals varied from 6.2 to 8.7 mEq. per 
liter (Fig. 1). When levels of potassium of 
7 mEq. per liter and above were achieved 
and the P waves persisted, some widening 
of the P waves occurred. When quinidine 
alone was infused, slight, but definite and 
progressive, widening of the P waves was 
observed. The quantitative data bearing 
upon the point are presented in Fig. 2 and 
show that the P-wave duration is approxi- 
mately doubled with levels of plasma quini- 
dine of 10 mg. per liter. When both potas- 
sium and quinidine were infused, in 8 in- 
stances it was possible to determine P-wave 


LEVELS OF POTASSIUM AT WHICH P-WAVES DISAPPEARED 
AT VARIOUS LEVELS OF QUINIDINE 
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Fig. 1. The levels of serum potassium at which P 
waves disappeared when no quinidine was infused 
are indicated by those points appearing vertically 
over zero concentration on the x-axis. The other 
points show the concentration of both potassium 
and quinidine when P waves disappeared. 
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Fig. 2. No data from animals with serum potassium 
above 7.5 mEq. per liter are shown, because P waves 
did not persist at levels of serum potassium higher 
than this when quinidine was given. No data for 
animals with serum potassium below 6 mEq. per 
liter are given, because such levels could scarcely 
be called hyperkalemic. 
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Fig. 3. The comments made relative to Fig. 2 also 
apply here. 
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EFFECT OF ELEVATED PLASMA POTASSIUM 
UPON THE QRS DURATION 


o 


QRS DURATION, SECS. 


SERUM POTASSIUM, mEq/L. 


Fig. 4. The QRS duration was read to the nearest 
0.01 second. This accounts for the grouping of QRS 
times as seen in Figs. 4 and 5. 


duration in animals with levels of plasma 
potassium above 6 mEq. per liter. These 
data are shown in Fig. 2 and demonstrate 
that hyperkalemia of this degree does not 
alter quinidine slowing of atrial conduction. 
The combination of high levels of quinidine 
in the blood and hyperkalemia did not 
alter the effective concentration of plasma 
potassium which produced disappearance 
of P waves. The data which establish this 
point are shown in Fig. 1. Although it may 
appear that when the plasma quinidine is 
elevated, the mean level of potassium neces- 
sary to produce disappearance of P waves 
is lowered, analysis of the data by the non- 
parametric Mann-Whitney U test shows 
that the trend is not significant even at the 
.05 level. 

Effects upon A-V conduction time. With 
infusion of potassium chloride alone, both 
disappearance of P waves and 2:1 and 
higher degrees of A-V block were produced. 
With infusion of quinidine alone, there was 
progressive prolongation of the A-V con- 
duction time (measured by the P-R inter- 
val) as the level of plasma quinidine was 
elevated; the P-R interval was approxi- 
mately twice that of the controls with 
levels of plasma quinidine above 8 mg. per 
liter. These data are presented in Fig. 3. 
There were 6 experiments in which levels 
of plasma potassium of 6.0 to 7.5 mEq. per 
liter were produced with simultaneous in- 
fusion of quinidine, and in which P waves 
persisted without 2:1 or higher degrees of 
A-V block; in all of these, prolongation of 
the P-R interval was not greater than that 
seen with quinidine alone. These data are 
likewise shown in Fig. 3. Thus, these ex- 
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periments indicate that the effect of hyper- 
kalemia and quinidine upon the A-V con- 
duction time are neither antagonistic, syn- 
ergistic, nor additive. 

Effects upon intraventricular conduction 
time. Hyperkalemia alone produces definite 
impairment of intraventricular conduction, 
but doubling of the normal QRS time of 
approximately 0.04 second was not ob- 
served in these experiments until the level 
of plasma potassium exceeded 6.5 mEq. per 
liter. With a higher concentration of plasma 
potassium the QRS time may exceed 0.16 
second. All of these data are presented in 
Fig. 4. When quinidine alone was infused, 
prolongation of the QRS time was also pro- 
duced but not to the same degree seen with 
hyperkalemia. The highest levels of quini- 
dine achieved did not produce a QRS dura- 
tion greater than 0.10 second. The complete 
data on quinidine are presented in Fig. 5. 
The data from the experiments in which 
both potassium and quinidine were infused 
are also presented in Fig. 5. 

The intraventricular conduction times 
of those dogs in which the plasma potas- 
sium exceeded 6.5 mEq. per liter are shown 
by open circles. Reference to Fig. 4 will 
show that the intraventricular conduction 
times of these dogs (i.e., those receiving 
quinidine and having levels of potassium 
above 6.5 mEq. per liter) do not differ es- 
sentially from the intraventricular con- 
duction times of dogs in which hyper- 
kalemia of comparable degree was produced 
without simultaneous infusion of quinidine. 
Thus, quinidine does not alter potassium- 
induced prolongation of intraventricular 


EFFECT OF ELEVATED PLASMA QUINIDINE AND POTASSIUM 
IN COMBINATION UPON THE QRS DURATION 
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Fig. 5. The QRS duration of those animals with 
potassium over 6.5 mEq. per liter should be com- 
pared with the QRS duration of animals infused 
with potassium only, as shown in Fig. 4. 


>.16- 
r 
. 
| 
04+ 
Lu 
° ! 2 
>.16 ° 
° 
° 
ry eo 
o4 aa 4 ry 
ry ° ee 
° 


Volume 61 Quinidine sulfate and potassium chloride on conduction times 503 


Number 4 


conduction time. The intraventricular con- 
duction times of those dogs in which the 
plasma potassium was 6.5 mEq. per liter 
or below are shown by open triangles. It is 
apparent from the data in the graph that 
the intraventricular conduction time in 
these animals is little, if any, more pro- 
longed than that in those to which quini- 
dine alone was given. Thus, when the lower 
degrees of hyperkalemia are considered, 
potassium and quinidine are neither an- 
tagonistic, synergistic, nor additive in their 
ability to produce impairment of intraven- 
tricular conduction. 


The initial question can now be an- 
swered. The effects of hyperkalemia and of 
high levels of quinidine upon intra-atrial, 
atrioventricular, and intraventricular con- 
duction are neither additive nor synergistic. 
Thus, in patients with hyperkalemia, one 
would not expect exaggeration of the toxic 
effects of quinidine as manifested by cardiac 
conduction defects. On the basis of these 
studies, hyperkalemia per se is no contra- 
indication to quinidine therapy. 

These experiments do not throw any light 
upon the basic mechanism whereby either 
potassium or quinidine affect transmission 
of the excitatory process within the heart. 
Neither can one make a reasonable infer- 
ence concerning whether one or more than 
one mechanism is involved. This follows 
from the fact that regardless of whether 


they affected the same or different mecha- 
nisms, one would hypothecate that their 
effects would at least be additive. 


Summary 


Normal dogs were infused with potassium 
chloride solution and with quinidine sulfate 
solution separately and in combination. 
Concentrations of serum potassium and of 
plasma quinidine were determined. Effects 
upon P waves, together with intra-atrial, 
atrioventricular, and intraventricular con- 
duction times, were determined. Both quin- 
idine and hyperkalemia produce prolonga- 
tion of all three parameters of conduction 
velocity within the heart. These effects are 
neither additive nor synergistic. 
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The effect of 
intracavitary carbon dioxide on surface potentials 
in the intact canine chest 


Leo G. Horan, M.D.* 

Robert L. Andreae, M.D.** 

Harry F. Yoffee, M.D.*** 
New Orleans, La. 


t has been suggested that the mass of 

blood in the cavities of the heart distorts 
the electrical field in the chest and intro- 
duces error into the voltages recorded in 
electrocardiographic leads.'~* Theoretically, 
a nearby dipole with its axis directed radi- 
ally from the blood-filled cardiac cavity 
will produce a greater voltage in surface 
leads than if the mass of blood were re- 
placed by a medium of lesser electrical con- 
ductivity. This prediction may be extended 
to waves of activation moving away from 
the cavities: the presence of the blood is 
expected to enhance the peripheral effect, 
thus amplifying the resultant deflections 
in appropriate electrocardiographic leads. 

In contrast to the heightened voltage 
from a radial dipole near a region of greater 
conductivity, the peripherally detected 
difference in potential from a dipole with 
its axis tangential to the boundary of the 
better conducting region should be reduced. 
Such theoretical expectations have been 
demonstrated easily in two dimensions with 


conducting paper, as noted in the Appendix 
of this report. With such two-dimensional 
models, the effect of a region of increased 
conductivity on a nearby dipole was com- 
pared with the distribution of potential in 
a homogeneous medium, and—when a hole 
was cut in the conducting paper—the 
theoretical prediction for completely re- 
moving the region of greater conductivity 
was seen. The effect on nearby dipoles under 
such circumstances was now reversed: the 
peripheral voltage from the radial dipole 
was diminished, and from the tangential 
dipole magnified. 

The present study concerns the exten- 
sion of these predictions to three dimensions 
and the living animal by replacing the good 
conductor (blood) in the ventricular cavi- 
ties by a poor conductor (carbon-dioxide 
gas). Separation between the contributions 
of radially directed excitation in the muscle 
surrounding each ventricular cavity was 
in this manner sought and in large part 
found. The removal of the shunting effect 
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of biood made possible the additional dis- 
tinction between probable radial spread 
of excitation during normal depolarization 
and probable tangential spread of excita- 
tion during right bundle branch block. 


Methods and materials 


Fifteen mongrel dogs which weighed be- 
tween 9.0 and 19.5 kilograms were anes- 
thetized with intravenous sodium pento- 
barbital (30 mg. per kilogram of body 
weight) and placed supine on the fluoros- 
copy table. Electrocardiograms were re- 
corded with standard and augmented uni- 
polar limb leads and unipolar chest leads; 
spatial vectorcardiograms were recorded 
by both the equilateral tetrahedral refer- 
ence system (Wilson-Burch*) and _ the 
lead-field system (McFee-Johnston®). Re- 
cordings were made with a DuMont 321-A 
oscilloscopic camera mounted on a dual- 
beam slave oscilloscope driven from two 
Hewlett-Packard 130B oscilloscopes; sig- 
nals from surface electrodes were amplified 
by Tektronix 122 preamplifiers. The front 
and back electrode grids for the McFee- 
Johnston system were each made of five 
1-cm. brass discs mounted to form a 2-inch 
square (between the centers of the four 
outer discs) on polyethylene sheeting and 
connected by 20,000-ohm resistances.* The 
lateral lead pairs were composed of foreleg 
and axillary electrodes.joined by 8,000-ohm 
resistances; head and foot electrodes were 
without added resistances, and the Wilson 
central terminal electrodes were connected 
by 12,000-ohm resistances. 

Cardiac catheters were introduced by 
jugular or femoral vein and carotid or fe- 
moral artery into the right and left ven- 
tricles, respectively. Before each insufflation 
the animal was placed in the 45-degree 
Trendelenburg position. A quantity of 30 
to 50 c.c. of gaseous carbon dioxide, as 
required to fill each ventricle by fluoro- 
scopic estimate, was introduced first into 
the right ventricle, then into the left ven- 
tricle, and then into both ventricles simul- 
taneously. Selected electrocardiographic 
and vectorcardiographic tracings (usually 
including the horizontal plane projection 


*Since the masses of the dogs were expected to be roughly one 
eighth of those of adult men, the linear dimensions of the 
grids were constructed 3 y 1/8 or 1/2 of those recommended 
for men,é 


or its components as the most sensitive 
parameter of change in distribution of 
thoracic potential) were recorded serially 
or continuously. In order to consider an 
experiment satisfactory, we required a 
return of the depolarization complex to the 
previous normal pattern before bilateral 
insufflation of carbon dioxide was 
attempted. 

In 5 dogs, right bundle branch block was 
induced by the injection of formaldehyde 
by percutaneous needle into the right septal 
myocardium under fluoroscopic and electro- 
cardiographic guidance. When the tip of 
the needle (introduced through the second 
left intercostal space parasternally) was 
demonstrated to touch the catheter, the 
right septal wall was pricked or scratched 
until a right bundle branch block appeared 
on the monitoring oscilloscope; then 0.5 
to 1 c.c. of 40 per cent formaldehyde was 
injected at the site. The lesion was verified 
at autopsy by iodine-staining of the bun- 
dle.? The observations with infusion of 
carbon dioxide were then repeated in the 
presence of the right bundle branch block. 
Left-sided or bilateral instillations of gas 
were omitted on two occasions prior to the 
induction of the right bundle branch block, 
so as to minimize the hazards to which the 
animal was subjected. 


Results 


The ‘‘normal’’ ventricular depolarization 
potentials during right ventricular filling 
with carbon dioxide. The effect on surface 
potentials of filling the right ventricular 
cavity with carbon dioxide, as visualized 
by electrocardiogram and spatial vector- 
cardiogram, may be seen in Figs. 1 and 2, 
which are representative of the findings in 
this study. The transformation in the de- 
polarization complex can be followed most 
clearly in the horizontal plane projection 
of the spatial vectorcardiogram but can be 
seen readily in the sagittal lead of the other 
graphic form. The peak of the ventricular 
filling, as seen through the fluoroscope, 
coincided with the maximum degree of 
shrinkage of the R wave of the QRS com- 
plex. In the spatial vector loop the very 
earliest and the very latest portions of 
depolarization were unchanged, and the 
maximum apparent change occurred be- 
tween early and middle and between mid- 
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Fig. 1. Simultaneous electrocardiograms of Dog No. 15 made during right ventricular (top), left ventricular 
(middle), and biventricular (bottom) insufflation with CO2. The leads from above downward in each group are 
unipolar back inverted, bipolar left-right, bipolar foot-head, and bipolar front-back. (For convenience the sign 
is arranged so that the leads may be read as analogous to clinical Leads Vs inverted, Vr, I, and V;.) Note that 
the anterior precordial R diminished with either right or left ventricular insufflation of CO. and disappeared 


completely when both ventricles were filled with gas. 


dle and late depolarization. However, spe- 
cific loss of forward components actually 
characterized the whole intermediate pe- 
riod, as determined by superimposing elec- 
trocardiograms and vectorcardiograms. 

The shrinkage of peripherally recorded 
voltages began to subside almost immedi- 
ately, and the previous normal patterns 
routinely reappeared within 5 to 10 seconds 
as the carbon dioxide was expelled into the 
pulmonary artery. Frequently, one or more 
premature ventricular systoles occurred 
just after maximum filling. 

The ‘‘normal’’ ventricular depolarization 
potentials during left ventricular filling with 
carbon dioxide. The immediate peak elec- 
trocardiographic effects were more tran- 
sient with injection of carbon dioxide into 
the left ventricular cavity, and a greater 
amount of carbon dioxide was required to 
maintain even a transient radiolucency of 


the entire ventricular cavity than on the 
right (usually 50 c.c. as compared with 30 
c.c.). Since the cavities approximated each 
other in volume when cast postmortem, 
this discrepancy was attributed to rela- 
tively more powerful and efficient empty- 
ing by the left ventricle. An altered con- 
figuration of the spatial vector loop con- 
sistently different from that of right-sided 
insufflation was observed at the height of 
left ventricular filling with carbon dioxide: 
voltages during middle depolarization were 
drastically curtailed, and a distinctive 
gouge indented the horizontal plane pro- 
jection of the QRS spatial vector loop more 
from the left than from the front (Fig. 2). 

Emptying of carbon dioxide from the 
left ventricular cavity was frequently fol- 
lowed within 15 to 30 seconds by the de- 
velopment of “‘ischemic’’ T waves and 
spatial vector loops, S-T shifts, and then 
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QRS alterations usually characterized by 
removal of posteriorly directed contribu- 
tions during the later one half of depolari- 
zation (Fig. 3). If the animal had been 
quickly brought out of the Trendelenburg 
position after peak filling with carbon di- 
oxide, these changes faded over a period of 
10 to 15 minutes, without residual. How- 
ever, repeated infusion of the left side was 
usually poorly tolerated and resulted in 
either ventricular fibrillation or longer 
lasting deformities of the QRS and eleva- 
tions of the S-T segment which required 
several hours to fade. After a series of left 
ventricular insufflations, one animal died 
during the night. 

The normal ventricular depolarization po- 
tentials during combined left and right ven- 
tricular filling with carbon dioxide. Because 
of the unfavorable sequelae frequently ex- 
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HORIZONTAL 


back 


DOG 


perienced after insufflation of the left ven- 
tricle alone, only on 5 occasions were suc- 
cessful simultaneously bilateral injections 
of carbon dioxide accomplished. In Fig. 2, 
two series of horizontal plane projections 
of the spatial vectorcardiogram are seen, 
illustrating the respective reductions in 
the QRS spatial loop with first right, then 
left, then bilateral ventricular filling with 
carbon dioxide. It should be noted that 
neither right nor left insufflation appeared 
to alter greatly the very early frontward 
component of depolarization, but insuffla- 
tion of both chambers removed most of it. 
Although the QRS complexes and loops 
were reduced markedly, as though in an 
additive manner, they did not disappear 
entirely. 

Bilateral infusion was usually followed 
by the more or less transient ‘“‘ischemia”’ 


Fig. 2. Serial projections of the horizontal plane of the vectorcardiogram (lead-field system) during successive 
insufflation with right ventricular, left ventricular, and biventricular CO, in Dogs No. 1 and 3. Note the removal 
of early frontward portions of the depolarization complex during each instance of right ventricular insufflation, 
and backward displacement of the late QRS spatial vector loop. With left ventricular insufflation of CO2, more 
of middle depolarization is removed (especially laterally), and with combined insufflation the losses appear to 
be additive. The trace has been made lighter in portions of the first three prints (Dog. No. 1) to facilitate photo- 


graphic reproduction. 
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and “injury” effects previously noted for 
the left ventricular infusion. 

The effect of intracavitary carbon dioxide 
upon the potentials found with right bundle 
branch block. Two significant differences 
were observed during insufflation of carbon 
dioxide after the induction of right bundle 
branch block. The first difference was that 
the late potentials of depolarization ex- 
panded rather than shrank in recorded 
voltage when the right ventricle was filled 
with gas (Fig. 4). This was most manifest 
in the increased amplitude of the right pre- 
cordial R’ on the electrocardiogram or for- 
ward enlargement of the whole circular 
“block” portion of the QRS spatial vector 
loop in 4 of the 5 instances. In the fifth dog 
with right bundle branch block, expansion 
occurred along the left-right axis rather 
than along the front-back axis (Fig. 5). 
The second finding was a marked shrinking 
away of the earliest frontward voltages 
(i.e., of the initial R of the anterior pre- 
cordial electrocardiogram) upon filling of 
the left ventricle with carbon dioxide (Figs. 
4 and 5). 


Reduction in the right ventricular epi- 
cardial R wave during insufflation of the 
right ventricular cavity by dielectrics, such 
as gas or mineral oil, had been observed by 
Oppenheimer and associates.* They attri- 
buted this loss to an insulating effect of the 
dielectric, which shielded the electrode from 
the left ventricle. Comparable conclusions 
were drawn for the effects on other leads 
and were tied to the ‘‘zone of interference”’ 
theory of electrocardiographic genesis of 
Nahum and Hoff.*:!° The zonal theory ap- 
parently arose from equating epicardial 
breakthrough at any ventricular topo- 
graphic locus with the process of activation 
of the entire wall at that site. As a result, 
major electrical contributions at a given 
instant in the depolarization cycle were at- 
tributed to regions of myocardium from 
which the last vestige of electrical activity 
was just disappearing. The work of Scher" 
and Durrer™ leaves little doubt now about 
the existence of large wave fronts moving 
generally from endocardium to epicardium 
during ventricular depolarization. Thus, 
the explanation of changes in peripheral 
voltage during such further alteration of 
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the already inhomogeneous thoracic volume 
conductor as provided by insufflation of 
carbon dioxide must be found by relating 
the physical distribution of potential in the 
conductor to the instant-to-instant con- 
figuration of the wave fronts of depolari- 
zation. 

The finding of reduction by right ven- 
tricular intracavitary gas in the recorded 
voltage during normal depolarization, and 
amplification during bundle branch block, 
confirmed the theoretical predictions of 
Brody! and Nelson* on the effect of intra- 
cavitary blood. As noted in the Appendix, 
the presence of a nearby mass of decreased 
resistivity (blood) may be expected to am- 
plify the peripheral effect of radially di- 
rected dipoles, but to reduce that of tan- 
gentially directed dipoles or waves of acti- 
vation. By contrast, the presence of a 
nearby mass of increased resistivity (gas) 
may be expected to reduce the peripheral 
effect of radial dipoles, but exaggerate that 
of tangential dipoles or of the tangential 
spread of excitation. 

The introduction of carbon dioxide se- 
lectively into the ventricular cavities pro- 
vided a means of dissecting right from left 
ventricular contributions to the total record 
of depolarization. Thus, as seen in Fig. 2, 
in the presence of normal conduction, the 
placing of gas in the right ventricle re- 
duced anteriorly directed contributions 
from early in depolarization to moderately 
late (note the backward displacement of 
the later portion of the spatial vector loop); 
careful comparison between initial and 
altered precordial leads and loops showed 
that this loss was continuous from early to 
late depolarization and not an intermittent 
loss. Left ventricular filling with gas pro- 
duced a more drastic loss in middle de- 
polarization; the fact that the loss was not 
greater from ‘‘removal”’ of the greater ven- 
tricle may be related to a rapid attenuation 
of the dielectric effect with increasing dis- 
tance from the cavity. Thus, doublets or 
waves of activation in the outer shell of the 
relatively thick-walled left ventricle may 
have been relatively unaffected by the 
presence of gas. Although neither right 
nor left ventricular insufflation was suf- 
ficient, the combination of right and left 
ventricular insufflation of carbon dioxide 
almost completely removed all anteriorly 
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directed activity during depolarization. 
Similarly, when normal early right ven- 
tricular depolarization was removed by 
bundle branch block, left ventricular in- 
sufflation sufficed (Fig. 6) to remove the 
remaining early frontward components— 
graphically demonstrating the fusion of 
left septal and right ventricular activation 
to form the normal right precordial R wave. 
The ability to remove from consideration 
right ventricular contributions to the QRS 
complex should greatly facilitate the more 
exact assay of the effect of experimental 
left ventricular myocardial lesions, such 
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as those produced by fixation with the in- 
jection of formaldehyde.” 

The fact that the expansion of the volt- 
ages of late depolarization in the right 
bundle branch blocks occurred along the 
front-back axis of the chest rather than 
along the left-right axis in all except one 
animal was somewhat unexpected. Ab- 
normal depolarization of the right ven- 
tricular myocardium which resulted from 
right bundle branch block might have been 
predicted to be directed largely from left 
to right if tangential to the right ventricu- 
lar cavity. However, since the right ven- 
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Fig. 3. Serial projections of the horizontal plane vectorcardiogram (lead-field 
system) during insufflation of CO, into the left ventricle and subsequently 
in Dog No. 8. The second record was made just after the peak of lucency and 
is less drastically reduced than the immediately preceding beat not shown. 
Note the enlargement of the T loop and the S-T-segment shift which devel- 
oped well after the gas had been expelled from the right ventricle. The QRS 
loss at the height of “ischemia” was of posteriorly directed components in 
the later one third of depolarization, in contrast with the immediate lateral 
loss in middle depolarization when gas was still in the left ventricular cham- 
ber. The trace has been made lighter in portions of the prints in this figure 
to facilitate photographic reproduction. 
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SUPERIMPOSED 


SUPERIMPOSED 


Fig. 4. A comparison of right and left ventricular insufflation of CO in the presence of experimental right bundle 
branch block, in Dog No. 7. In each pair of simultaneous tracings the upper lead is Lead I, and the lower lead 
is the unipolar anterior chest lead presenting the conventional RSR’ pattern of RBBB. The top row of prints 
shows successively the control tracing, the tracing at maximum right ventricular lucency, and the two tracings 
superimposed. The bottom row shows the control, the maximum left ventricular CO:- effect, and the two super- 
imposed. Note that gas in the right ventricle resulted in an expanded R’, but gas in the left ventricle greatly 


reduced the initial R. 


tricular surface of the canine heart fre- 
quently faces slightly to the left as well as 
ventrally, tangential spread through the 
right ventricular free wall would thus fre- 
quently move toward the front of the chest 
as well as to the right. 

Alternative explanations for the changes 
in the pattern of depolarization complexes 
when intracavitary gas was present were 
considered. An alteration of the membrane 
potentials which results from change in 
degree of stretch on the myocardial fibers 
when contracting against gas rather than 
blood is a theoretically possible mechanism 
for deforming the QRS complex acutely. 
However, alteration of the initial mechani- 
cal tension on rat atrium has been reported 
to produce no detectable changes in the 
membrane potentials.'* Anatomic rotation 
of the heart as a result of either a dilating 
effect or a shifting of the center of gravity 
of the heart could account for some of the 
differences, but no great positional change 


was actually seen fluoroscopically. A 
stretching of the right bundle to interfere 
with conduction might have been con- 
sidered had the gas been injected under 
sufficient pressure to produce right ven- 
tricular dilatation; however, this possibility 
was precluded by the observations in which 
complete right bundle branch block had 
already been produced. A biochemical alter- 
ation from the reaction of carbon dioxide 
with surface membranes is a possible im- 
mediate cause for the change in electrical 
pattern, but no lag was noted: the maxi- 
mum electrical effect occurred with maxi- 
mum fluoroscopic lucency and disappeared 
when the gross gas disappeared from the 
ventricle each time. 

However, with the left ventricular insuf- 
flation another real cause for the develop- 
ment of drastic alterations in the QRS 
complex and spatial loop became apparent 
from 15 to 30 seconds after the maximum 
fluoroscopic left ventricular lucency; QRS 
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deformation occurred accompanied by 
shifts of the S-T segment and ischemic T- 
wave changes. Quick removal of the animal 
from the Trendelenburg position seemed to 
reduce the subsequent duration of these 
effects. These sequels, perhaps attributable 
to the coronary embolization of gas, pre- 
sented little problem in differentiation 
from the instantaneous change in peripheral 
voltages accompanying the peak of left 
ventricular filling with the gas. Both the 
times of occurrence and the patterns were 
characteristically different (Fig. 3). Op- 
penheimer and associates” instilled gaseous 
carbon dioxide by fine catheter into a 
coronary artery, without occlusion and 


“maximum filling 
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without ill effect. As contrasted with such 
benign nonocclusive coronary instillations, 
transient but complete coronary artery 
occlusions with bubbles of gas (which may 
by exchange include oxygen and nitrogen 
in addition to carbon dioxide) seemed the 
likely cause for the ischemic sequels ob- 
served by us. 


Summary 


A reversal of the manifest electrocardio- 
graphic effects of the intracavitary blood 
mass was produced by selectively instilling 
carbon dioxide into the right ventricle, the 
left ventricle, and then both chambers in 
mongrel dogs. In 5 dogs the experiment was 


Fig. 5. Simultaneous electrocardiograms of Dog. No. 15 made during right ventricular (top), left ventricular 
(middle), and biventricular (bottom) insufflation with CO.—all after the induction of RBBB. The leads from 
above downward in the second and third groups are unipolar back inverted, bipolar left-right, bipolar foot- 
head, and bipolar front-back. In the first group the bipolar left-right appears above the inverted unipolar back 
lead (see Fig. 1). Note that left and bilateral ventricular CO, greatly reduced the initial R in the front-back 
lead, but, in contrast to Fig. 4, right ventricular CO, did not expand the R’—although it did expand the S in 
the left-right lead. The bilateral fillings were not completely simultaneous front-back, as can be seen by the 
fact that the left-right S expansion followed the initial R loss. 
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Fig. 6. The effect on distribution of potential in a two-dimensional plot of altering “‘cavity” resistivity with the 
axis of the dipole directed radially from the cavity. See Appendix for details. 


repeated after the percutaneous induction 
of right bundle branch block. 

In keeping with the expectation that 
peripherally recorded voltages generated by 
dipoles or waves of activation directed 
radially from the gas-filled cavity would be 
diminished, curtailment of the QRS com- 
plex and spatial vector loop was found dur- 
ing normal depolarization. But in the 
presence of right bundle branch block the 
“‘block”’ portions of the tracings increased 
in peripheral voltage, in keeping with the 
expectation for tangentially oriented di- 
poles or waves of activation. 

Insufflation of carbon dioxide into the 
right ventricular cavity reduced anteriorly 
directed components in the recordings of 
surface potentials from moderately early to 
moderately late in depolarization; insuffla- 
tion of carbon dioxide into the left ventricu- 
lar cavity reduced laterally directed compo- 
nents, especially in middle depolarization. 
Further reduction was noted with bilateral 
insufflation, with especially prominent loss 
of almost all initial anteriorly directed 
components. Similar loss of both septal 
and right free wall components of the an- 
terior precordial R occurred during right 
bundle branch block with left ventricular 
insufflation. 


Selective ventricular insufflation with 
carbon dioxide provides a means of sepa- 
rating, in great part, right and left ven- 
tricular contributions to surface recordings 
in the dog with an intact chest. 


Appendix 


Fig. 6 shows the results of three experi- 
ments of mapping isopotential lines and 
measuring lead voltage in an idealized two- 
dimensional system with conducting paper. 
In each instance a potential drop of 12 
volts of direct current was applied to a di- 
pole of 2 pins which were 1 cm. apart, as 
designated in the discs. The first disc is 
homogeneous; the second has a small circu- 
lar area of decreased resistivity produced by 
painting in the area of the circle with con- 
ducting silver ink; and in the third disc in 
the same site the circle has been cut out, 
leaving an empty hole or “‘cavity’’ of ex- 
treme resistivity. 

Mapping was made with the exploring 
pin connected to one post of a direct-cur- 
rent voltmeter and the reference pin at 
point (i) connected to the other post. The 
direction of flow of current between ele- 
ments of the dipole may be considered to 
be perpendicular to the isopotential lines. 
The voltage registered in a bipolar surface 
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lead LR, made by connecting the opposing 
pins to the voltmeter, has been represented 
diagrammatically below the discs, as 
though it were impressed on an electro- 
cardiographic record. 

Note that the good conductor extended 
the region of high potential a greater dis- 
tance along the axis of the radial dipole, 
and that, thus, with the silvered circle the 
peripheral registration of voltage was en- 
hanced. However, when the circle was cut 
out, leaving the region highly resistive, 
transfer of high potential along the axis of 
the radial dipole was impaired by the new 
boundary, and the peripheral registration 
of voltage was diminished. By analogy, 
we may expect intracavitary blood to en- 
hance the surface effect of radial electrical 
activity,'* and intracavitary carbon di- 
oxide to reduce it. 

Comparison of Fig. 7 and Fig. 6 illus- 
trates the reversal of such effects merely by 
having the dipole oriented in a direction 
tangential to the boundary of the cavity 
rather than radial to it. Note that now the 
good conductor reduced the registration of 
peripheral voltage, and the poor conductor 
increased it. 

The possibility that the dipole moment 
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itself may be altered by nearby changes in 
the conducting medium was considered. 
Such an alteration in dipole moment could 
thus be responsible for the peripheral 
changes noted. To examine this possibility 
the experiments were carefully repeated 
with measurement of the interpolar resit- 
ance at each step. The peripheral results 
with silvering or cutting out the inner circle 
were just as before, but the change in the 
interpolar resistance never exceeded 1.1 
per cent. 

We are grateful to Dr. Leon Churney for his 


review of this manuscript as well as his encourage- 
ment and suggestions. 
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Vascular lesions 


in experimental pulmonary embolism 
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he experimental production of pul- 

monary vascular lesions has received 
growing attention since 1948, when Har- 
rison! published his results on heterologous 
clot embolism in rabbits. Numerous reports 
have since appeared, based on experiments 
with different species of animals and a 
great variety of methods.” The lesions de- 
scribed differ in detail according to the 
species and the techniques used, but, dis- 
regarding those differences, most published 
results can be summarized as shown in 
Table I. It can be seen from this table that, 
although all lesions can appear as the effect 
of pulmonary hypertension, some of them 
may also result from different mechanisms, 
such as multiple pulmonary embolism or 
hypersensitivity. 

The application of these observations to 
human subjects with pulmonary vascular 
lesions raises the question of separating 
the effects of pulmonary hypertension from 
those of other injurious agents, and espe- 
cially from those of multiple embolism. 
Thus, one can find in the literature cases 
of pulmonary arteritis attributed to pul- 
monary hypertension, to multiple em- 
bolism, to hypersensitivity, to rheumatic 
fever, or to a combination of these factors.’ 
Many of the papers on multiple embolism 
produced by blood clots contain no infor- 


Table 1. Pathogenesis of experimental pul- 
monary vascular lesions* 


Lesion Pathogenesis 


Multiple thrombi embolism 
Pulmonary hypertension 
Pulmonary hypertension 


Intimal thickening 


Medial hypertrophy 
Muscularization of the 
arteriolar media Pulmonary hypertension 
“Plexiform” or ‘‘angi- Multiple thrombi embolism 

omatoid”’ lesions (?) 
Pulmonary hypertension (?) 
Arteritis or arteriolitis Multiple thrombi embolism 
with or without Cotton embolism 
necrosis Hypersensitivity 
Pulmonary hypertension 


*For bibliography, see Reference 2. 


mation on pulmonary arterial pressure. 
On the other hand, Thomas and O’Neal* 
produced chronic blockage of the pul- 
monary circulation by means of multiple 
emboli of plastic beads that resulted in 
dilatation and hypertrophy of the right 
ventricle (used by these authors as proof 
of pulmonary hypertension), without vas- 
cular lesions in the lungs. 

On the basis of the data previously men- 
tioned, an experimental situation was 
planned in which the anatomic effects of 
pulmonary hypertension could be clearly 
separated from the effects of multiple 
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Table 11. Distribution of animals 
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Number 
Group of Emboli Site of Schedule of Sacrifice time Purpose 
animals injection injection 
A 6 Fibrin clots Left pulmonary 5 injections at 15 days after 
artery 2-week in- the last in- ‘Fibrin effect on the vascu- 
tervals jection lar wall, eliminating the 
possible effect of pulmo- 
B 6 Fibrin clots Peripheral vein 5 injections at 15 days after nary hypertension 
2-week in- the last in- 
tervals jection 
C 6 Plastic beads Left pulmonary 5 injections at 15 days after 
artery 2-week in- the last in- Effect of the possible pul- 
tervals jection monary hypertension 
without fibrin or blood 
D 6 Plastic beads Peripheral vein 5 injections at 15 days after 
2-week in- the last in- 
tervals jection 
E 6 Whole blood Left pulmonary Weekly injec- 7 days after Effect of whole blood on the 
clots artery tions for 5 the last in- vascular wall separating 
weeks jection the possible effect of pul- 
monary hypertension 
F 7 Whole blood Left pulmonary Injection 2, 4, 20, 36,48, Early stages in the evolu- 
clots artery and 72 hours tion of the embolic pul- 


after the in- 
jection 


monary vascular lesions 


emboli. The aim of this paper is to report 
the results obtained in a series of experi- 
ments in which multiple unilateral pul- 
monary embolism was produced in dogs 
with autologous whole blood clots, autol- 
ogous fibrin, and inert plastic beads. The 
dog was chosen for these experiments be- 
cause it has been shown that in this animal 
pure sustained pulmonary hypertension 
can produce vascular lesions, and because 
cardiac catheterization can be easily per- 
formed. 


Material and methods 


1. Animals. Thirty-seven young mongrel 
dogs of both sexes were used. Their average 
weight was 40 pounds. They were kept in 
separate cages throughout the experiments 
and were fed a standard diet. The 37 dogs 
were divided into 6 groups, each receiving 
a different treatment, according to Table II. 

2. Preparation of emboli. Three types of 
emboli were utilized: fibrin clots, whole 
blood clots, and plastic beads. 

FIBRIN CLOTs. The technique used for 
the preparation of fibrin clots was essen- 
tially that of Barnard.® 


BLOOD CLoTs. Twenty milliliters of whole 
blood was allowed to clot in a test tube. 
The clot was finely cut until the fragments 
passed easily through a No. 18 gauge 
needle, suspended in saline, and injected 
through the catheter. 

PLASTIC BEADS. Lucite plastic beads,* 
50 to 150u in diameter, were injected ac- 
cording to the technique used by Thomas 
and O’Neal.* The amount of plastic beads 
injected was equivalent in volume to two 
thirds of the clots, which was thought to 
result in approximately the same degree 
of obstruction to the pulmonary circulation 
as that produced by either whole blood or 
fibrin clots. 

3. Catheterization technique. In Groups A, 
C, E, and F, unilateral pulmonary em- 
bolism was carried out by means of cardiac 
catheterization. The animals were anes- 
thetized with intravenous pentobarbital 
(35 mg./Kg. of weight). Each of the 
branches, as well as the main trunk, of the 
external jugular vein on each side was used 
for one catheterization, allowing therefore 


*Obtained through the courtesy of Dupont de Nemours, Wil- 
mington, Del. 
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Fig. 1. Organized thrombus in the lumen of a large 
pulmonary artery. The intima is thickened probably 
as the result of previous embolization. Aldehyde- 
fuchsin and Van Gieson, 200. 


six possibilities for catheterization of each 
dog. When thrombosis or cicatrization did 
not allow completion of five catheteriza- 
tions at the level of the neck, the axillary 
vein was used. Under fluoroscopic guidance 
a No. 8 Cournand catheter was introduced 
into the left branch of the pulmonary 
artery. Blood clots or plastic beads were 
then slowly injected, followed by 10 ml. 
of saline solution to wash the catheter. 
Animals of all groups, except those of 
Group F, were injected during the follow- 
ing three days with 150,000 units of pro- 
caine penicillin every 12 hours. 

4. Handling of the lungs. Animals were 
sacrificed by rapid intravenous injection 
of 500 mg. of Kemithal. Complete autopsies 
were performed. The heart and lungs were 
separated together from the thoracic cavity 
and fixed by intratracheal injection of 
10 per cent formalin; they were kept in 
containers with the same fixative. 

Representative (2 to 8) sections were 
taken from each lobe of the left lung and 
from the right lower lobe. They were 


Vascular lesions in experimental pulmonary embolism 517 


embedded in paraffin, sectioned, and 
stained with hematoxylin-eosin, Gém6ri’s 
fuchsin-paraldehyde for elastic fibers, and 
Foot’s stain for reticulum and collagen. 


Results 


Autopsies of the sacrificed animals did 
not reveal macroscopic alterations either 
in the lungs or in the heart. The right ven- 
tricular and auricular walls of the heart 
were carefully examined and measured, 
and no differences were found from hearts 
of normal animals. However, a definite 
decision in this respect is not easy since 
there were wide variations in breed and 
weight. The histologic changes are dis- 
cussed first, and their distribution in the 
different groups of animals is then pre- 
sented. 

Microscopic changes. The microscopic 
lesions found were: (1) blood clots at var- 
ious stages of organization in the lumen of 
the arteries, (2) vacuolation of the endo- 
thelial cells that were in direct contact 
with the clots, and (3) arteriolitis. In the 
following paragraphs each one of these 
lesions is described and their distribution 


Fig. 2. Polypoid formation in a medium-sized 
artery. Aldehyde-fuchsin and Van Gieson, X180. 
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Fig. 3. Focal fibrous intimal thickening of a large 
pulmonary artery. Verhoeff-Van Gieson, X230. 


in the different groups of animals is ex- 
amined. 

BLOOD CLoTs. Blood clot emboli were 
found especially in vessels that were over 
100u in diameter, always with a well- 
individualized external elastic membrane, 
and in the vicinity of bronchi or bron- 
chioles. Most thrombi were in an ad- 
vanced stage of organization, with deposits 
of connective tissue and vascular neofor- 
mation (Figs. 1 and 2). Other than the 
endothelial vacuolation, which is discussed 
below, only occasional lesions were found 
in the wall of the vessels; in two of them, 
coinciding with the site of implantation 
of the thrombus, there was destruction of 
the elastic membrane and substitution of 
the media by connective tissue, which 
continued the connective tissue of the 
organized clot (Fig. 3). Focal fibrotic 
thickening of the intima was rarely found, 
and probably corresponded to well-organ- 
ized and endothelial-covered clots (Fig. 4). 

ENDOTHELIAL VACUOLATION. This was a 
constant finding, although of variable in- 
tensity. The endothelial cells in intimate 
contact with the clot had a swollen aspect, 
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the cytoplasm being occupied by a large 
vacuole, unstained with the techniques 
used. The nuclei had a peripheral position, 
simulating “‘signet-ring’’ cells (Fig. 5). 
Elastic fiber stains showed clearly that the 
alteration was under the limiting internal 
membrane (Fig. 6). In most of the involved 
vessels the endothelium beyond the im- 
plantation site of thrombi had a normal 
aspect; in addition, most thrombi were of 
recent formation. As organization ad- 
vanced, endothelial vacuolation became less 
apparent or was absent. Vessels of the 
same or larger diameter, without thrombi, 
showed a normal endothelium. 
ARTERIOLITIS. The term arteriole is used 
throughout this paper in reference to ves- 
sels of small diameter, usually less than 
50u, situated away from bronchi or bron- 
chioles, with only one internal elastic 
membrane and without muscular coat. 
Foci of inflammatory infiltration formed 
by polymorphonuclear leukocytes, lympho- 
cytes, and macrophages, mixed with vari- 
able amounts of erythrocytes, were found 


Fig. 4. Embolus implanted in a medium-sized 
artery, with destruction of elastic and muscular 
fibers. Note absence of inflammation. Aldehyde- 
fuchsin and Van Gieson, X 180. 
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Fig. 5. Recent thrombus in a medium-sized artery. 
Endothelial cells in the top are swollen, vacuolated, 
and contain a slightly basophilic material. Hema- 
toxylin-eosin, X 230. 


only in the alveoli immediately surrounding 
the arterioles (Fig. 7). Transverse sections 
of arterioles showed that inflammatory 
cells surrounded the vessels in cuff-like 
fashion (Fig. 8). Within the groups of 
inflammatory cells, small clefts filled with 
red blood cells were seen, suggesting 
capillary proliferation; stains for reticulum 
fibers, however, showed that they had 
neither wall nor endothelial lining (Fig. 9). 
The arteriolar wall had a normal appear- 
ance; special stains revealed integrity of 
the elastic fibers (Fig. 10); rupture or 
alterations of the wall were not seen in 
any case. The observation of numerous 
sections revealed that there was a tendency 
for accumulation of inflammatory cells at 
the sites of arteriolar bifurcation (Fig. 11). 

Distribution of microscopic changes in 
the different groups. In Group A, arterio- 
litis was found in all sections of the left 
lung, predominantly in the lower lobe. No 
alterations were seen in the right lung. In 
Group B, arteriolitis was found in both 
lungs in all animals, but the changes were 
few and small, and many sections had to 
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be studied before the lesions were identified 
with certainty (Table III). Groups C and 
D, which received multiple plastic-bead 
emboli by way of the left pulmonary artery 
and by a systemic vein, respectively, 
showed no lesions of any kind. Finally, 
the results obtained in animals of Group 
E, to which autologous blood clots were 
given through the left pulmonary artery, 
are summarized in Table IV. It can be seen 
from this table that arteriolitis was pre- 
dominant in the lower lobes, and that it 
was present despite the lack of organized 
thrombi in larger arteries. In Dog No. 4, 
vascular lesions in the right lung were 
interpreted as being caused by reflux of 
clots in one or more of the embolizations; 
the same alterations were found in the 
left lung. In the other animals belonging 
to this group no lesions were found in the 
right lung. 

Animals of Group F received a single 
autologous thrombus embolization in the 
left lung and were sacrificed at intervals that 
varied between 0 and 72 hours after emboli- 


~ 
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Fig. 6. Partially organized thrombus in a large 
pulmonary artery, showing marked vacuolation of 
endothelial cells. Aldehyde-fuchsin and Van Gieson, 
X250. 
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Fig. 7. Arteriolitis formed by lymphocytes, macro- 
phages, and scarce polymorphonuclear leukocytes; 
there are few red blood cells between the inflam- 
matory elements. The wall of the arteriole is normal. 
Hematoxylin-eosin, X 180. 


zation. The microscopic findings are sum- 
marized in Table V. It can be seen that 
vacuolation of endothelial cells and arterio- 
litis appeared at 24 hours and persisted to 
the last observation, made 72 hours after 
embolization. A striking feature was that 
in the periarteriolar inflammatory nodules, 
more well-preserved erythrocytes were 
found among the cells than in similar le- 
sions from animals of other groups. 


The results obtained in the present ex- 
periments indicate that repeated fibrin 
emboli or complete autologous blood em- 
boli, when introduced into the peripheral 
veins or into the left pulmonary artery, 
produced several types of lesions in the 
pulmonary vessels in the dog. When the 
clots are made of whole blood, thrombi 
in different stages of organization are found 
in pulmonary vessels over 100y in diameter. 
Focal fibrous thickening seen in some ar- 
teries of similar caliber may also be con- 
sidered to be the result of organization 
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and retraction of a clot that later on is 
covered by endothelium.®? Only in two 
instances were lesions with destruction of 
the elastic fibers in the media of these 
vessels observed, and these were associated 
with organized thrombi. Lesions of the 
same type have been described in rabbits 
by Heard® and in rabbits and mice by 
Barnard.® Another type of lesion related 
to whole blood embolization is endothelial 
vacuolation, as first shown in the dog by 
Jacques and Hyman.* Undoubtedly, this 
type of endothelial alteration is related to 
the presence of clots, but its nature is 


Table II1. Results in Groups A and B 


Animal number Group A Group B 


+: Died during the experiment. 
X: Arteriolitis. 


Table IV. Results in Group E 


Left lung 

Animal Right 
number lung U.L. Lingula 

2. 0 +0 +X’ x’ 

3. 0 xX +% + 

4. +X X X +X 

6 0 + xX 


0: No lesions. 

+: Organized thrombi in large vessels. 

X: Arteritis in small arteries and arterioles. 
X’: Extensive and intense arteritis. 


Table V. Results in Group F 


Sacrificed at Right lung Left lung 

2 hr. 0 0 

4 hr. 0 + 
20 hr. 0 + 
24 hr. 0 +X 
36 hr. 0 +X 
48 hr. 0 +X 
72 hr. 0 +X 


0: No lesions. 
+: Recent thrombi in the lumen of large arteries. 
X: Arteriolitis. 
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Fig. 8. A cross section of arteriolitis, showing the 
cuff-like arrangement of the infiltrate. Aldehyde- 
fuchsin and Van Gieson, 180. 


unknown and its significance in the further 
evolution of the lesions was not explored 
in these studies. 

The arteriolitis found in these experi- 
ments might be due to three theoretical 
possibilities: pulmonary hypertension, hy- 
persensitivity, and the effect of fibrin on 
the vascular wall. Although no direct meas- 
urements of pulmonary pressure were 
made in this study, the first possibility 
appears unlikely because of the following 
data: (1) In the animals receiving unilateral 
fibrin or whole blood clots (Groups A and 
E), arteriolitis was seen only in the em- 
bolized side. (2) In one animal in which 
arteriolar lesions were seen in both lungs 
(Dog No. 4 of Group E), proof was found 
that clotted blood emboli had passed to the 
opposite lung. (3) If there was pulmonary 
hypertension, it must have been low and/or 
transient, because the right side of the 
heart did not show dilatation or hyper- 
trophy, and the blood vessels did not have 
lesions that could be attributed with cer- 
tainty to hypertension, such as arterial 
medial hypertrophy or the presence of a 


muscular media in the arterioles!®-”; fur- 
thermore, Jacques and Hyman® measured 
pulmonary arterial pressure in dogs which 
received 10 intravenous injections of blood 
clots, and found discrete and transitory 
elevations of pressure. (4) Finally, no vas- 
cular lesions were found in those dogs in 
which pulmonary circulation was ob- 
structed by injections of plastic beads. For 
all these reasons it may be concluded that, 
if it ever existed, pulmonary hypertension 
did not represent a pathogenic factor in 
the production of arteriolitis. 
Hypersensitivity is capable of producing 
acute inflammation of arteries and ar- 
terioles in many parts of the organism, in- 
cluding the lung. Two main reasons may 
be advanced in opposition to the idea that 
hypersensitivity could have played an 
important role in the production of arteritis 
as described in the present experiments. 
(1) Besides affecting arterioles, hyper- 
sensitivity also involves larger vessels 
that have a muscular media and produces 
necrosis and destruction of the wall; this 
was not found in the present material. 


Fig. 9. The stroma of alveoli occupied by the inflam- 
matory infiltrate of arteriolitis. Note the absence 
of vascular neoformation. Foot’s stain, 150, 
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Fig. 10. The integrity of the arteriolar wall in the 
area of inflammation can be demonstrated with 
elastic stains. Aldehyde-fuchsin and Van Gieson, 
180. 


(2) Lesions were found 24 hours after em- 
bolization in those animals which had not 
received emboli previously, a finding which 
speaks against a hypersensitivity mecha- 
nism that requires a' longer time for the 
formation of specific antibodies. 

The data indicate that a factor residing 
in fibrin is responsible for the arteriolitis. 
Thus, the lesions appeared only in those 
animals with fibrin or whole blood em- 
bolism; arteriolitis was found only in 
vessels of the lung that had received this 
type of emboli. It must be kept in mind 
that acute arteriolitis was found away from 
organized thrombi, and that neither the 
lumen nor the arteriolar wall showed any 
alterations; furthermore, in animals which 
were sacrificed 24 to 72 hours after a single 
embolization with blood clots, the inflam- 
matory lesions showed a larger number of 
well-preserved erythrocytes than did those 
in dogs examined 1 or 2 weeks after the 
last embolization. These data suggest that 
arteriolar damage is accompanied by an in- 
crease in arteriolar permeability with focal 
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hemorrhage, and that the accumulation of 
inflammatory cells can be due, at least in 
part, to this hemorrhage. The fibrin factor 
responsible for arteriolitis would act only 
on those vessels in which it might have 
adequate concentration. 

The preferential localization of arterio- 
litis at the sites of bifurcation of these 
vessels call to mind Arias-Stella’s descrip- 
tion® of the so-called ‘plexiform’ or 
“angiomatoid”’ lesions found in primary 
pulmonary hypertension in man.'* Evans" 
thought that capillary proliferation in the 
vicinity of an artery was due to a congeni- 
tal defect in the elastica, but Arias-Stella 
showed by means of serial sections that 
the alteration is localized at the sites at 
which arteries give off much smaller vessels 
or arterioles. These studies have been con- 
firmed by Wagenvoort.'® The nature of 
the lesion herein described is different, 
however, since in this case foci of inflam- 
matory cells are seen within the alveoli 
and around the arterioles, whereas in 
human primary pulmonary hypertension, 
“‘glomeruli’’ are formed by proliferation of 
capillaries within the arteriolar lumen. 


Fig. 11. Arteriolitis localized at the bifurcation of 
the blood vessel. Aldehyde-fuchsin and Van Gieson, 
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This study was planned to aid in the 
interpretation of human pulmonary vas- 
cular lesions. If the findings in the dog can 
be extrapolated to human beings, then the 
results show that intimal thickening of 
arteries and arterioles, as well as arterio- 
litis, can be the consequence of embolism 
without the participation of hypertension 
or hypersensitivity. Therefore, even when 
functional and/or anatomic reasons would 
exist in a given case to assure the existence 
of pulmonary hypertension, the finding of 
lesions similar to those herein described 
suggests the need for a search for possible 
sources of emboli. 


Summary 


Numerous experimental studies have 
shown that it is possible to produce pul- 
monary vascular lesions by different meth- 
ods. Two of the most effective methods are: 
(a) multiple embolization with blood clots, 
and (b) pulmonary hypertension produced 
by shunting systemic flow into the pul- 
monary artery or into one of its branches. 
Since many studies have failed to separate 
the effects of multiple emboli from those of 
pulmonary hypertension, a series of ex- 
periments were planned in which unilateral 
multiple pulmonary embolism was pro- 
duced by injecting autologous fibrin clots 
in one group of animals, autologous whole 
blood clots in a second group, and plastic- 
bead emboli in a third group of dogs. 
Appropriate controls received the emboli 
through a peripheral vein, whereas the 
experimental animals were embolized 
through a catheter introduced into the 
left pulmonary artery. Another group of 
animals received a single embolization of 
whole blood clots into the left pulmonary 
artery and were sacrificed at intervals 
varying between 0 and 72 hours. The re- 
sults were that in all animals which received 
fibrin or clotted blood emboli the three 
following types of pulmonary vascular le- 
sions were found: (a) organized or partially 
organized clots in the lumen of arteries 
with minimal lesions in the wall, with the 
exception of, (b) a peculiar vacuolated as- 
pect of the endothelium that was in inti- 
mate contact with the clots, and (c) 
peripheral arteriolitis without alteration 
in the arteriolar wall, accompanied by 
focal hemorrhage, usually localized at the 


branching sites of vessels. These lesions 
appeared 24 hours after the injection of 
emboli. No anatomic traces of pulmonary 
hypertension were found. No anatomic 
changes were seen in those instances in 
which plastic beads were given. 

The results are discussed and it is pointed 
out that, whereas organized thrombi and 
endothelial vacuolation are due to the 
presence of the embolus, arteriolitis is 
probably the result of a fibrin factor. 
Pulmonary hypertension and hypersensi- 
tivity can be discarded as causal agents 
of the vascular lesions found in these 
experiments. 
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Systolic I-J acceleration-force values 
of normal males from a Nickerson type of 
ultralow-frequency ballistocardiographic system 


Walter J. Hollis, M.D.* 
New Orleans, La. 


n 1952, Jonnart! reported the use of a 

Nickerson type of platform for record- 
ing the ultralow-frequency? acceleration 
ballistocardiogram. Later, with associ- 
ates,* the results of studies on 167 subjects 
were described. Particular emphasis was 
given to proposing a major theory relating 
the amplitude and time duration of the 
H-I-J waves to the degree of aortic elas- 
ticity or atherosclerosis instead of to the 
force (strength) of cardiac contraction or 
systolic stroke volume. Quantitative ac- 
celeration-force values were not given, and 
the Nickerson’ type of modified system 
employed had a natural frequency of 
approximately 0.4 cycles per second. 

In 1956, Hollis® reported preliminary 
results of quantitative acceleration-force 
studies from a small number of normal 
subjects, using the Nickerson’ type of 
platform as one of three different ultralow- 
frequency systems under investigation. 
These acceleration-force studies were ex- 
tended to a larger number of subjects, and 
results obtained from the pendulum’ and 
ball-bearing® ultralow-frequency systems 
were reported in 1959. Similar studies for 
the Nickerson type of ultralow-frequency 
system constitute this report. 

Although Starr? has recently demon- 
strated a very high correlation between the 


Received for publication Sept. 19, 1960. 


initial cardiac forces of systole and the 
H-I ejection-recoil stroke, most quantita- 
tive studies have been concerned with the 
systolic I-J stroke values. Accordingly, 
this report will be limited to the I-J stroke 
values from the Nickerson type of system 
and their comparison to published values 
from other ultralow-frequency systems. 


Method 


The system used has been described 
previously. The platform had a natural 
frequency of 0.4 cycles per second, with a 
calculated response range from 0.2 c/s (F-1) 
to 9.6 c/s (F-2). The damping was obtained 
by a rod- “‘oil bellows’’ mechanism and was 
weak, i.e., 0.28 critical. The platform 
weighed 25,909 grams. 

The transducer was a calibrated differen- 
tiating coil-magnet velocity meter.!°:"! The 
recorder was either a_ single-channel or 
double-channel Sanborn direct-writing elec- 
trocardiograph. 

All subjects were found to be normal by 
cardiac auscultation, determination of 
blood pressure, and chest x-ray examination 
for cardiac size. Attainment of a basal state 
was not attempted, since prior observations 
had revealed deterioration of the ballisto- 
cardiogram with prolonged recumbency 
on the ballistic platform. 


*Associate Professor of Medicine, Department of Medicine, Louisiana State University School of Medicine, New 
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Fig. /. Acceleration record, suspended mid-respira- 
tion. Normal male subject, aged 25 years, weight 
154 pounds, height 67.25 inches. Calibration: 14.0 
small vertical spaces = 1.0 mv. = 3.0 cm./sec.?; 
I-J wave = 21/14 X 3.0 = 4.5 cm./sec.’. 


Direct measurements of the I-J stroke 
acceleration value (calibration, 1.0 milli- 
volt output = 3.0 cm./sec.?) were made on 
expiratory and inspiratory records of a 
stable pattern from complex to complex. 
The force value was calculated for expira- 
tion and inspiration by the classic formula, 

M-A 
G 

with all measurements in the centimeter- 
gram-second system. The force (F) was 
in grams, the body plus platform mass 
(M) in grams, the acceleration (A) in 
cm./sec.?, and the gravitational constant 
(G) for this geographic location™ is 979.3 
cm./sec.?. 

Complete data on subjects and platform, 
and acceleration (cm./sec.2) and _ force 
(grams) values are given in Table I. An 
acceleration record (suspended mid-respira- 
a for a normal subject is shown in 
‘ig. 1. 


Fig. 2 shows the frequency distribution 
of subject data, with one standard devia- 
tion, for age (A, years), height (B, centi- 
meters), body surface area (C, square 
meters), and body plus platform weight 
(D, kilograms). Fig. 3 shows the frequency 
distribution, with one standard deviation, 
of the expiratory I-J acceleration (A, 
cm./sec.?) and calculated force (B, grams) 
values, and the inspiratory I-J acceleration 
(C, cm./sec.2) and calculated force (D, 
grams) values. 
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There are a few published values of quan- 
titative acceleration measurements from 
ultralow-frequency systems to compare 
with values of this report. The mean I-J 
acceleration value given by Scarborough 
and associates (25 male subjects, 20-29 
years old) from a differential pendulum is 
5.93 mg. Conversion (1.0 mg. = 0.98 
cm./sec.?) gives a value of 5.81 cm./sec.?. 
Hollis obtained a mean I-J value of 5.01 
cm./sec.? from a simple pendulum’ and 4.42 
cm./sec.? from a ball-bearing bed® ballisto- 
cardiograph. 

The mean value (average expiration 
plus average inspiration I-J/2) of the pres- 
ent study with Nickerson type of spring 
ultralow-frequency system is 4.04 cm./sec.?. 
This value is lower than the others because 
of the heavy platform (25,909 grams) of 
the Nickerson type of ultralow-frequency 
system. 

It is of interest to compare these mean 
acceleration values with the theoretically 
predicted quantitative acceleration (force) 
value as determined by Noordergraaf and 
Heynekamp." In Fig. 2 of their article’ 
the amplitude of the I-J stroke is given in 
dynes. This value (280,000 dynes) may be 
converted to cm./sec.? by division with the 
average total mass of body and ballistic 
platform (75,000 grams) as given by No- 
ordergraaf and Heynekamp." A resultant 
value of 3.73 cm./sec.? is obtained. The 
closeness of this value to the experimentally 
determined values is quite good considering 
that the theoretical analysis of Noorder- 
graaf and Heynekamp" is free of the me- 
chanical factor of resonance amplification 
present in all ballistic systems. 

Since the acceleration values given above 
are influenced by the mass of the ballistic 
platform, which increases inertial imped- 
ance to acceleration, a more exact compari- 
son of these values would necessitate cor- 
rection* for this factor. Use of the mean 
subject weight and the mean “‘subject plus 
platform” weight for each value given 
above results in the following corrected ac- 
celeration values: (1) Scarborough and as- 
sociates,!® differential pendulum, 6.33 
cm./sec.?2; (2) Hollis,’ simple pendulum, 


*Corrected amplitude = measured amplitude times “body + 
platform” weight/body weight. 
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Fig. 2. Bar-frequency diagrams showing number of subjects with average and one 
standard deviation for: A, age in years; B, height in centimeters (group units of 5.0 
cm.); C, body surface area in square meters (group units of 0.1 sq. meter); D, combined 
weight factor, body plus platform, in kilograms (group units of 5.0 kilograms). 


6.00 cm./sec.?; (3) Hollis,* ball-bearing bed, 
5.29 cm./sec.?; and (4) present study, 5.47 
cm./sec.?. These results show the best cor- 
relation between the differential pendulum 
and the simple pendulum, but all results are 
improved in reference to the differential 
pendulum. Correction of Noordergraaf 
and Heynekamp’s™ theoretical value, as- 
suming a platform mass of 5,000 grams, 
gives 4.00 cm./sec.? as the adjusted value. 
It is the least improved in reference to the 
differential pendulum, most likely due to 
the reason given previously, in addition to 
smallness of the assumed value for plat- 
form weight. 

A similar comparison of mean force 
values of normal subjects from different 
systems is of interest. The mean force value 
from a differential pendulum™ (25 male 
subjects, 20-29 years old) is 485.8 grams. 
Hollis has given a similar value of 435.24 
grams from a simple pendulum’ and 397.38 
grams from a ball-bearing bed® ballisto- 
cardiograph. The mean force value (average 


expiration plus average inspiration I-J/2) 
of the present study is 405.99 grams. An 
average value determined from data given 
by Von Wittern™ (4 subjects, simple pen- 
dulum) is 365 grams. Conversion of the 
theoretical force value (280,000 dynes) of 
Noordergraaf and Heynekamp"™ gives a 
value of 285.7 grams. The lowness of this 
last value is likely due to factors already 
mentioned in a discussion of the accelera- 
tion values. Calculation of the ‘“‘true’’ un- 
loaded force value by multiplying the cor- 
rected mean acceleration value by the mean 
subject weight for each system did not re- 
sult in any significant improvement, except 
for the value from the simple pendulum 
used by Hollis,’ ie., an increase of 14.3 
grams. The lack of improvement in cor- 
rected values is explained by the greater 
mass (subject plus platform) used when 
calculating force from the uncorrected, 
directly measured platform acceleration. 

Although not strictly comparable be- 
cause of differences in characteristics of 
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the systems, it is of interest to note the force 
value obtained for normal subjects from a 
spring type of high-frequency platform. 
Starr!’ obtained a mean (expiration plus 
inspiration/2) value of 413 grams (range, 
406-420) for healthy young male adults. 
This is a reasonably good agreement with 
the force values obtained by the ultralow- 
frequency technique. An average value 
obtained from the five mean ultralow-fre- 
quency values given previously is 417.88 
grams. The closeness of this average value 
to Starr’s'® high-frequency-platform value 
is significant. 

At present it would appear, as has been 
stated,’ that the differential pendulum" is 
the most efficient system to date for obtain- 
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ing the acceleration-force values of the 
ultralow-frequency ballistocardiogram. 


Summary 


1. The acceleration-force values of 25 
normal male subjects from a Nickerson 
type of ultralow-frequency ballistocardio- 
graphic system have been given. 

2. The resultant mean values have been 
compared to values from other ultralow- 
frequency systems, and theoretically cor- 
rected acceleration values have been calcu- 
lated for each system. 

3. The force value for normal subjects 
from a spring type of high-frequency sys- 
tem has been compared to an average mean 
value obtained from force data of five ex- 
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Fig. 3. Bar-frequency diagrams showing number of subjects with average and one 
standard deviation for: A, expiratory I-J acceleration in group units of 0.5 cm./sec.? 
(average, 3.51; standard deviation + 0.86); B, expiratory I-J force in group units of 50 
grams (353.01; + 81.22); C, inspiratory I-J acceleration in group units of 0.5 cm./sec.? 
(457; + 1.07); and D, inspiratory I-J force in group units of 50 grams (458.96; + 99.2). 
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perimental studies using the ultralow- 
frequency technique. The closeness of the 
two values is remarkable. 

4. It appears that the most efficient 
and sensitive of the ultralow-frequency 
systems is the differential pendulum. 
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Cardiovascular and antiarrhythmic activity 
of amotriphene 


Theodore G. Brown, Jr., Ph.D. 

Theodore J. Green, B.S. 

Rupert L. Green, B.S. 
Rensselaer, N. Y. 


_— clinical and experimental stud- 
ies have indicated that amotriphene* 
possesses interesting and important thera- 
peutic properties for the treatment of 
angina pectoris and mild cardiac arrhyth- 
mias. Karczmar, Bourgault and Elpern' 
have reported a significant cardiac anti- 
accelerator activity in the epinephrine- 
driven rabbit heart and an in vitro coronary 
dilator activity two to three times that of 
papaverine. Bobb and Green? have re- 
ported significant in vivo coronary dilator 
activity in the dog, and Farah and Birn- 
baum* have reported antiarrhythmic prop- 
erties in the isolated rabbit auricles and in 
the intact dog that were approximately 4 
and 8 times as effective as those of quini- 
dine and Pronestyl, respectively. Page and 
Sasse* have reported an increase in coro- 
nary sinus oxygen saturation in dogs. In- 
troductory clinical studies by Harris® indi- 
cate that this drug is effective in the treat- 
ment of angina as well as cardiac arrhyth- 
mias of both atrial and ventricular origin. 
The present study is a report of further 
laboratory studies on the cardiovascular 
activity and toxicity of this compound. 


Methods 


Experimental studies were conducted 
under a variety of procedures. The basic 
experimental technique used dogs anes- 
thetized with pentobarbital, 30 mg./Kg. 
intravenously, and maintained on artificial 
respiration with room air. Arterial blood 
pressure was measured with a Statham 
transducer from the femoral artery. Heart 
contractile force was measured with a 
Walton strain gauge attached to the sur- 
face of the right ventricle. Both parameters 
were recorded with a Grass oscillograph. 
Electrocardiograms (ECG—Lead II) were 
taken throughout the experiments. In some 
instances the other bipolar and unipolar 
leads were also recorded. Amotriphene was 
administered intravenously into the femoral 
vein. 

Experiments in 19 dogs were carried out 
by means of this procedure. Eleven other 
experiments were conducted in dogs pre- 
treated with morphine, 10 mg./Kg. sub- 
cutaneously, and pentobarbital, 15 mg./Kg. 
intravenously, followed by penthienate 
bromide, 0.5 mg./Kg. subcutaneously. The 
latter drug, a parasympatholytic, produces 


From the Pharmacology Section, Sterling-Winthrop Research Institute, Rensselaer, N. Y. 
A preliminary report was made at the meeting of the Federation of American Societies for Experimental Biology, April, 
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Received for publication Sept. 29, 1960. 


*Myordil, 3-dimethylamino-1,1,2-tris-(4-methoxyphenyl)-1-propene hydrochloride, (WIN 5494) registered trade 
mark, available from Winthrop Laboratories, Inc., New York, N. Y. 
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a sustained sinus tachycardia within 15 
minutes after administration. 

Eighteen experiments were conducted 
in dogs administered sublethal doses of 
digitalis, using ouabain, digitoxin U.S.P., 
or digitalis tincture U.S.P. Each digitalis 
preparation was administered intrave- 
nously in divided doses or by slow continu- 
ous infusion in an amount equaling an ulti- 
mate dosage of 0.5 to 1.02 cat units per kilo- 
gram, equivalent to milligram units 
previously published.* The establishment of 
a ventricular ectopic tachycardia, single or 
multifocal, of at least 10 minutes’ duration 
was the criterion of digitalis toxicity. 
Amotriphene was administered intrave- 
nously in increments of 2.0 mg./Kg. at 
5-minute intervals until the arrhythmia 
was converted to a normal sinus rhythm or 
until heart block occurred. 

Two experiments were conducted in 
chemically sympathectomized dogs, using 
the procedure of Brewster, Bunker and 
Beecher.’ 

ECG toxicity studies were conducted in 
26 cats, using the U.S.P. digitalis assay 
method to determine the interrelationship 
of amotriphene and digitalis toxicity. 
Studies were also conducted in 7 dogs and 
7 monkeys administered amotriphene orally 
by stomach tube at doses of 10.0 to 25.0 
mg./Kg. for periods ranging from 3 days to 
12 months. Four dogs were titrated to 
death with continuous intravenous infusion 
of amotriphene. 

The in vitro cardiac activity of amotri- 
phene was determined in isolated rabbit 
hearts by means of a modified Langendorf 
perfusion technique. Inotropic changes 
were measured with a Grass FT .03 force 
displacement transducer. Amotriphene was 
administered at log dose intervals of 25 to 
200 micrograms per heart, using 3 hearts 
and 3 injections of drug per heart for the 
determination of each point. 


Results 


The response of intravenously adminis- 
tered amotriphene on heart rate, blood 
pressure, and heart contractile force in 
dogs is shown in Table I. There was a de- 
crease in heart rate, systolic and diastolic 
blood pressure, and an apparent moderate 
increase in heart contractile force. The de- 
crease in arterial pressure and the positive 
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inotropic response were of relatively short 
duration (5 to 20 minutes), whereas the 
negative chronotropic response was con- 
siderably longer (20 to 90 minutes). There 
were no changes in the ECG at the lower 
doses. Doses of 8.0 and 16.0 mg./Kg. pro- 
duced increasing changes in the ECG pat- 
tern, consisting of an increase in the re- 
fractory period as measured by an increase 
in the corrected Q-T interval, and a slight 
increase in conduction time as measured 
by an increase in the QRS interval. 

The action of amotriphene on sinus 
tachycardia induced by penthienate bro- 
mide is shown in Table II. Within the 
dosage range used there was a marked 
inhibition of the sinus tachycardia. The 
duration of this negative chronotropic 
action ranged from 30 to 90 minutes. 

The results of the study of the action of 
amotriphene on digitalis toxicity are con- 
tained in Table III. Of the total of 18 ex- 
perimentally induced digitalis arrhythmias, 
there were 12 complete reversions to normal 
sinus rhythm with amotriphene. There 
were 5 partial reversions, of which 3 re- 
sulted in partial heart block, and there was 
1 unsuccessful attempt at reversion. The 
total dosage for reversion varied from 2.0 to 
18.0 mg./Kg., and the duration of complete 
reversion, after the final administration of 
amotriphene, ranged from 1 to 6 hours. 
It should be recognized that this is a rela- 
tively short period of observation for this 
type of experiment, and it is possible that, 
had the experiments been followed for 
periods up to 12 hours, there might have 
been some instances of reversion to a ven- 
tricular ectopic rhythm, since it is antici- 
pated that the duration of action of amotri- 
phene is shorter than that of digitalis. These 
experiments, however, do demonstrate the 
ability of amotriphene to bring about the 
conversion of a digitalis-induced arrhyth- 
mia. 

The results of experiments conducted 
in cats, using the U.S.P. digitalis assay 
method, are contained in Table IV. Within 
the limits of these experiments, amotri- 
phene did not raise the lethal dose of digi- 
talis. Various other dosage schedules of 
amotriphene not contained in Table IV 
were also carried out but were unsuccessful. 
In no instance were we able to significantly 
raise the lethal dose of digitalis. We were 
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also unable to demonstrate any increased 
toxicity for the combination of amotriphene 
and digitalis within the limits of these 
experiments. 

The results of ECG studies in dogs and 
monkeys are summarized below. Two dogs 
which received 10 mg./Kg. of amotriphene 
orally for 21 days developed no cardiac 
arrhythmias, there was little change in 
heart rate, and there were no changes in 
the refractory period or conduction time. 
Five dogs which received 20 mg./Kg. of 
amotriphene for varying periods of medi- 
cation up to 18 days had essentially the 
same ECG pattern as those which received 
10 mg./ Kg. There were no cardiac arrhyth- 
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mias, changes in conduction time, or re- 
fractory period. Dogs which received the 
20-mg. dose did exhibit stimulation of the 
central nervous system. In 2 animals this 
stimulation was sufficient to be fatal within 
3 days after the start of drug therapy. 

The ECG pattern of activity for the 4 
dogs titrated to death with amotriphene 
was similar for each animal. This consisted 
of gradually increasing voltages in the S 
and T waves, moderate changes in the P 
and R waves, increased refractory period 
and conduction time, and increased ac- 
tivity of the central nervous system which 
resulted in overt seizures and convulsions. 
After the onset of marked stimulation of 


Table 1. Cardiovascular changes induced by intravenous amotriphene in anesthetized dogs 


Heart rate | Blood pressure Heart contractile force 
Dose Control + S.E. Control = S.E. % Decrease in 
(beats/min. ) % Decrease (mm. Hg) mean pressure | (% Increase = S.E.) 
134.3 6.7 
2 mg./Kg. 177.4 = 10.5 16.5 — 28.6 20.5 = 4.5 
100.7 + 3.9 
103.3 = 21.4 
4 mg./Kg. 136.0 = 26.4 21.5 —_ 33.7 18.6+ 5.1 
73.3 15.3 
127.1+ 8.5 
8 mg./Kg. 96.0+ 9.24 30.0 38.4 20.1 = 6.8 
73.6+ 9.6 
113.1 9.9 
16 mg./Kg. 151.5+ 9.4 43.5 —_——————— 46.1 21.8 = 8.3 
80.0+ 6.7 


Table II. Action of amotriphene in anesthetized dogs with tachycardia induced by penthienate 


bromide 
Heart rate Blood pressure Heart contractile force 
on Control = S.E. Control = S.E. % Decrease in 
(beats/min.) % Decrease (mm. Hg) mean pressure | (% Increase = S.E.) 
146.3 + 16.5 
1 mg./Kg. 228.0 = 13.8 16.2 oS 14.8 19.0 = 5.6 
112.5 = 16.6 
149.3 7.1 
2 mg./Kg. 193.7 = 10.4 25.3 24.7 15.3 + 6.1 
113.6+ 6.8 
148.3 + 12.2 
4 mg./Kg. 222.0+ 6.8 48.2 28.9 22.27.9 
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Table 111. Action of amotriphene on cardiac arrhythmias of digitalis toxicity in anesthetized dogs 


Experi- Glycoside | Total Time of 
ment | and dose | Dose needed for reversion Additional dosage | final ECG 
n umber | (cat unit/Kg.) (in multiples of 2 mg./Kg.) injections | (mg./Kg.)| (hours) 

Ouabain 0.5 1 2 6.0 1.3 
2. Ouabain 0.5 2 1 6.0 1.0 
Ouabain 0.5 a 0 6.0 
4. Quabain 1.0 Not reverted 7 14.0 1.0 
5. Ouabain 0.5 2 2 8.0 1.5 
6. Ouabain 0.5 1 0 2.0 2.0 
7. Ouabain 0.5 5 0 10.0 3.8 
8. Ouabain 0.5 2 0 4.0 2.0 
9. Ouabain 0.75 2 2 8.0 3.0 
10. Ouabain 0.5 5 4 18.0 2.5 
11. Tincture 0.6 4. Incomplete, partial heart block 0 8.0 4.2 
12. Tincture 0.75 2. Incomplete, partial heart block 0 4.0 2.5 
13. Tincture 1.2 3 1 8.0 4.5 
14. Tincture 0.6 2 1 6.0 3.2 
15. Tincture 0.75 1. Incomplete, partial heart block 0 2.0 1.0 
16. Digitoxin 0.83 2. Partial, occasional runs of ectopic beats 0 4.0 aa 
17. Digitoxin 0.75 3. Partial, occasional runs of ectopic beats 0 6.0 1.5 
18. Digitoxin 0.50 1 0 2.0 6.0 


Table 1V. Comparison of digitalis assay in cats and amotriphene activity 


Dose 


Drug | (mg./Kg./5 min.) 


Lethal dose 
(mg./Kg. = S.E.) 


Number of 
animals 


Ouabain 0.005 
Ouabain 0.0075 
Amotriphene 2.0 
Quabain and 0.0075 
amotriphene 2.0 


5 0.115 + 0.0019 
5 0.1095 = 0.0038 
8 61.8 + 7.0 

8 0.1012 = 0.004 


the central nervous system there were in- 
creasing periods of ventricular ectopic 
beats, heart block, runs of ventricular 
ectopic tachycardia, complete A-V dis- 
sociation, and eventually respiratory em- 
barrassment coincident with a decerebrate 
rigidity and finally ventricular fibrillation. 
Final lethal doses of amotriphene ranged 
from 21 to 127 mg./Kg. 

The 2 monkeys which received 12.5 
mg./Kg. per day orally of amotriphene 
developed no cardiac arrhythmias, changes 
in refractory period, or conduction time. 
The only change observed was a slight in- 
crease in the voltage of the Sand T waves. 

The 5 monkeys treated with 25 mg./Kg. 
per day orally of amotriphene all exhibited 
the same pattern of ECG activity. This 
included moderate bradycardia, in- 
crease in refractory period of 10 to 15 per 
cent, and an occasional increase in conduc- 
tion time. Each animal developed moderate 


drug-induced arrhythmias of short dura- 
tion. These were never consistent for the 
same animal. The arrhythmias developed 
approximately 2 hours after administration 
of the drug, and in almost all instances 
reverted to a normal sinus rhythm by 6 to 
8 hours after administration of the drug. 
Changes consisted of partial heart block, 
occasional ventricular extrasystoles, and 
nodal rhythms. The T and S waves de- 
veloped increased voltages, whereas the P 
and R waves remained unchanged. 

The results of studies in isolated rabbit 
hearts demonstrated that amotriphene 
produced a small to moderate negative 
inotropic action on the myocardium. These 
results are shown in Table V. Earlier stud- 
ies in intact dogs, using the Walton strain 
gauge, had shown amotriphene to have an 
apparent positive inotropic action. The 2 
experiments conducted in sympathecto- 
mized dogs demonstrated that intrave- 
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nous!y administered amotriphene produced 
a positive inotropic response before sympa- 
thetic block and a negative inotropic re- 
sponse after sympathetic block. It is prob- 
able, therefore, that the moderate positive 
inotropic response seen in the initial dog 
preparation was not due to direct cardiac 
stimulation of amotriphene, but was prob- 
ably due instead to reflex sympathetic car- 
diac stimulation initiated by the hypoten- 
sion after administration of amotriphene. 


Discussion 


A unique combination of properties 
makes amotriphene an interesting thera- 
peutic drug; it is a coronary dilator,'? has 
the ability to increase coronary sinus oxy- 
gen saturation,‘ is devoid of cardiac stimu- 
lating action, produces moderate brady- 
cardia, and possesses antiarrhythmic prop- 
erties. 

Farah and Birnbaum’ have reported 
amotriphene to be 4 and 8 times as ef- 
fective as quinidine and Pronestyl, respec- 
tively, in increasing the refractory period 
of the isolated rabbit atrium and equal to 
quinidine in decreasing conduction ve- 
locity. They have also demonstrated the 
ability of amotriphene to produce a re- 
duction in the auricular and ventricular 
rate of auricular flutter and fibrillation, 
and to produce reversion to a normal sinus 
rhythm. The present studies have demon- 
strated the ability of amotriphene to revert 
the arrhythmias of digitalis toxicity to 
normal sinus rhythm. Thus, there appears 
to be no contraindication for the concur- 
rent use of digitalis and amotriphene. One 
may also surmise that amotriphene may 
play an important part in bringing about 
relief for the anginal patient who exhibits 
disturbances of rhythm, since anginal 
pain has been reported by many investi- 


Table V. Amotriphene-induced changes in 
heart contractile force in the isolated rabbit 
heart 


Dose % Decrease 
(micrograms/heart) in heart force 


gators to be relieved after the abolishment 
of rhythm disturbances of many varieties 
and the re-establishment of a normal sinus 
rhythm. 

The coronary dilator activity of amotri- 
phene suggests that the drug may be ef- 
fective in conditions of myocardial anoxia. 
Papaverine is moderately effective as a 
relaxant of smooth muscle and coronary 
dilator. Unfortunately, though, it is effec- 
tive in only a small percentage of clinical 
situations, and this may be due to the fact 
that it stimulates the myocardium to a 
proportionately greater extent than it 
increases coronary blood flow. Bobb and 
Green? have shown that amotriphene pro- 
duces not only a greater mean coronary 
blood flow but also increases both the sys- 
tolic and diastolic portions of coronary 
flow, and at the same time causes no in- 
crease in myocardial contractility or change 
in the duration of systole. They have also 
demonstrated that amotriphene is similar 
in activity to, but more potent than, sodium 
nitrite. 

Recently, Darby and Aldinger® have 
studied the cardiac pharmacology of nitro- 
glycerin, and have suggested that nitro- 
glycerin may achieve its therapeutic ef- 
ficacy through its ability to decrease the 
peripheral work load on the heart as well 
as its ability to increase coronary flow. In 
addition, and perhaps more importantly, 
they suggest that nitroglycerin may par- 
ticipate in the metabolism of the cardiac 
contractile mechanism in such a way as to 
increase its efficiency. Preliminary studies 
by this group indicate that amotriphene 
has a pattern of activity similar to that of 
nitroglycerin (personal communication 
from Darby). The moderate bradycardic 
action of amotriphene on the normal heart 
rate, the slight decrease it produces in 
blood pressure, and its slight negative 
inotropic action in the experimental animal 
all lend substance to the premise that this 
drug may reduce the peripheral work load 
of the compromised, hypoxic heart. This 
property is in addition to its ability to 
dilate the coronary vascular bed and to 
increase coronary sinus oxygen saturation. 
In patients with marked sinus tachycardia, 
amotriphene would be expected to produce 
a greater degree of bradycardia than in the 
patient with a normal heart rate. In both 
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the epinephrine-driven heart! and the sinus 
tachycardia induced by a parasympatho- 
lytic drug as reported in this study, amotri- 
phene has demonstrated an ability to bring 
about a moderate to marked decrease in 
heart rate. 

The cardiovascular toxicity studies con- 
ducted in dogs and monkeys indicate that 
high doses of amotriphene are more neuro- 
toxic for the dog than for the monkey. In 
fact, stilbenes in general, to which amotri- 
phene is related chemically, are known to 
be particularly toxic to the dog, as com- 
pared to man and other animals.® How- 
ever, as with any drug that acts upon the 
conducting system of the heart to diminish 
automaticity, amotriphene, particularly in 
high doses, may bring about disturbances 
in cardiac rhythm. In man, the level of 
drug needed to produce these effects prob- 
ably exceeds by many fold the recom- 
mended therapeutic dosage level. In those 
instances in which disturbances in rhythm 
do occur, animal studies indicate that with- 
drawal of the drug brings about rapid 
reversal to a normal sinus rhythm. 

A recent report by Sandler’? indicates 
that amotriphene was not significantly 
superior to a placebo in the relief of angina 
pectoris in 13 patients, using a double- 
blind technique. Patients in this study 
were given amotriphene in a dose of 25 mg. 
four times daily. Recent unpublished clini- 
cal observations indicate that higher doses 
of amotriphene may be needed to produce 
significant relief in anginal-like conditions. 
The studies of Harris,®> however, indicate 
significant relief in anginal patients as 
indicated by increased work capacity and 
reduced requirements for nitroglycerin. 
In addition, Harris reported significant 
relief for patients with cardiac arrhythmias 
of both atrial and ventricular origin. The 
experimental studies completed to date 
suggest an important pattern of activity 
that should be clinically useful. 


Summary 


Amotriphene (Myordil, WIN 5494) has 
been shown to have a coronary dilator 
activity about twice that of papaverine, 
yet to be devoid of myocardial stimulant 
action. Amotriphene will significantly re- 
duce the sinus tachycardia induced by a 
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parasympatholytic drug, and will reduce 
to a lesser extent heart rates in normal 
animals. Amotriphene is 4 and 8 times more 
active than quinidine and procaine amide, 
respectively, in increasing the refractory 
period of the isolated rabbit atrium. It is 
equal to quinidine in decreasing conduction 
velocity. It will reduce auricular and ven- 
tricular rate as well as produce normal 
sinus rhythm in experimentally induced 
auricular flutter and fibrillation. Amotri- 
phene will convert digitalis-induced cardiac 
arrhythmias to a normal rate. This combi- 
nation of coronary dilator and cardiac 
antiarrhythmic properties of amotriphene 
is of poteritial value in the treatment of 
angina-like conditions and the milder car- 
diac arrhythmias. 


REFERENCES 


1. Karczmar, A. G., Bourgault, P., and Elpern, 
B.: Antiaccelerator, coronary dilator and cer- 
tain other pharmacologic actions of new poly- 
methoxyphenyl derivatives, Proc. Soc. Exper. 
Biol. & Med. 98:114, 1958. 

2. Bobb, J. R., and Green, H. D.: Comparative 
effects of WIN 5494 on left coronary flow, Fed. 
Proc. 17:17, 1958. 

3. Farah, A., and Birnbaum, L.: Decelerator and 
antiarrhythmic properties of amotriphene, J. 
Pharmacol. & Exper. Therap. 127:128, 1959. 

4. Page, R. G., and Sasse, L.: The effect of Myordil 
on coronary sinus oxygen saturation; a possible 
explanation for the antiarrhythmic properties 
of this drug, Clin. Res. 7:388, 1959. 

5. Harris, R.: Clinical observations on a new coro- 
nary vasodilator (WIN 5494), Am. J. Cardiol. 
4:274, 1959. 

6. Walton, R. P., Leary, J. S., and Jones, H. P.: 
Comparative increase in ventricular contrac- 
tile force produced by several cardiac glyco- 
sides, J. Pharmacol. & Exper. Therap. 98:346, 
1950. 

7. Brewster, W. R., Jr., Bunker, J. P., and Bee- 
cher, H. K.: Metabolic effects of anesthesia. 
VI. Mechanism of metabolic acidosis and 
hyperglycemia during ether anesthesia in the 
dog, Am. J. Physiol. 171:37, 1952. 

8. Darby, T. D., and Aldinger, E. E.: Further 
studies of the effects of myocardial energy 
utilization elicited by nitroglycerin, Circulation 
Res. 8:100, 1960. 

9. Castler, E. G., and Fidler, H. K.: Cerebral 
lesions produced in healthy dogs by the intra- 
venous injection of 4:4’-diamindino stilbene, 
Tr. Roy. Soc. Trop. Med. & Hyg. 39:533, 1946. 

10. Sandler, G.: Clinical evaluation of a new coro- 
nary vasodilator, 3-dimethylamino-1,1,2-tris 
(4-methoxyphenyl)-1-propene hydrochloride 
(WIN 5494), Am. Heart J. 59:718, 1960. 


Experimental study on the intramural distribution of 
the excitability cycle and on the form of the epicardial 
T wave in the dog heart in situ 


R. Th. van Dam, M.D. 
D. Durrer, M.D. 
Amsterdam, Netherlands 


Ithough the spread of excitation 

through the ventricular wall has been 
studied extensively during recent years, 
little information is available about the 
spatial distribution of the repolarizing proc- 
ess. Because repolarization occurs much 
more slowly than depolarization, it cannot 
be investigated adequately with the avail- 
able extracellular recording methods, which 
are applied to the study of excitation. For 
technical reasons it has not yet been possible 
to investigate the electrical systole in its 
entire length in all layers of the ventricular 
wall by means of intracellular or suction 
electrodes. Therefore, only indirect methods 
can be used for this purpose, of which de- 
termination of the excitability cycle has 
been applied already by Wilson and Herr- 
mann,! in their studies on the ventricular 
gradient. 

Recent studies by Hoffman and Crane- 
field? justify this approach, since they 
demonstrated that in normal conditions 
the time course of the threshold has a 
constant relation to the time course of the 
membrane action potential. 

In some studies** the differences in the 
time of duration of the electrical systole in 
the endocardial and in the epicardial layers 
were determined. Such determinations do 
not necessarily indicate the temporal se- 


quence of repolarization across the ventric- 
ular wall. 

The technique which employs needle 
electrodes’ makes possible the analysis of 
the excitability cycle at all levels within 
the ventricular wall. 

The present study was undertaken in 
order to determine the temporal relations 
of the recovery process at different depths 
of the left ventricular wall and to correlate 
these findings with the polarity of the T 
wave in epicardial leads. 


Methods 


Eight mongrel dogs were used, anes- 
thetized with a long-acting barbiturate. 
After intubation, respiration was main- 
tained by a pump. The heart was exposed 
by a lateral thoracotomy and suspended in 
a pericardial cradle. Care was taken to 
prevent cooling and drying of the exposed 
heart by application of cotton wool soaked 
in warm saline, and by closing the thorax 
thoroughly as soon as possible. 

By means of a D.C.-operated heating 
blanket wrapped around the animal the 
intrathoracic temperature was maintained 
at 37°C. The heart was driven at a constant 
rate by square wave pulses delivered by an 
independent stimulator to a bipolar elec- 
trode stitched onto the left auricle. 
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Fig. 1. Upper part: Strength/interval curves for 
unipolar cathodal stimulation, for all terminals of a 
needle electrode, situated in the left ventricular 
wall of a dog’s heart in situ. Thresholds determined 
at intervals of 5 msec. in the cardiac cycles. Hori- 
zontal: Intervals in the local excitability cycle. 
Vertical: Thresholds in multiples of the diastolic 
level. Dots indicate the end of the A.R.P., F.R.P., 
and T.R.P. Duration of testing pulses: 0.5 msec. 
Lower part: Diagram of the temporal relations dur- 
ing activation and recovery of excitability. Hori- 
zontal: Intervals in the local excitability cycle. 
Vertical: Terminals of the needle electrode. Ex- 
periment of Sept. 6, 1956. Discussion in text. 


Testing pulses were delivered to the 
terminals of a needle electrode’ inserted 
into the mid-anterolateral portion of the 
left ventricle. All intervals in the cardiac 
cycle were measured in respect to the time 
of occurrence of the intrinsic deflection in 
a unipolar lead from a terminal of a second 
needle electrode inserted as close as possible 
to the needle used for stimulation. For 
this purpose this lead was fed into a syn- 
chronizer, starting the variable delay circuit 
of the testing stimulator. The excitability 
cycles of the different layers were analyzed 
by determining at every 5-millisecond in- 
terval the threshold for unipolar cathodal 
stimulation at each successive separate 
intramural terminal of the stimulating elec- 
trode. All stimuli were separated from 
earth, without appreciable distortion, by 
means of special 1:1 transformers. For 
recording and stimulating purposes, in- 
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different electrodes were placed subcutan- 
eously on the extremities. 

In some experiments, cooling or heating 
of the epicardial surface was effected by 
applying, without exerting appreciable pres- 
sure, a pliable thin-walled rubber tube on 
the epicardial surface around the head of 
the stimulating needle electrode. Through 
this tube, water of 45°, respectively 20°C., 
was circulated for a short time, while a new 
series of threshold determinations was car- 
ried out. 

At every terminal the time of arrival of 
the excitatory wave was determined from 
the intrinsic deflection in unipolar leads, 
and measured in regard to the intrinsic 
deflection in the reference lead. In addition, 
the following measurements were made 
from the strength/interval curves obtained: 
(1) the end of the absolute refractory period 
(A.R.P.), as defined arbitrarily by the 
threshold reaching the 20-fold of the dias- 
tolic level®; (2) the end of the functional 
refractory period (F.R.P.), as defined by 
the threshold reaching the 1.5-fold of the 
diastolic level, according to our findings 
described elsewhere’; (3) the end of the 
total refractory period (T.R.P.), as defined by 
the threshold reaching the diastolic level. 


Results 


A. Transmural sequence of recovery. The 
strength/interval curves for cathodal stim- 
uli determined at the successive intramural 
terminals generally have the same contour 
(Figs. 1-3, upper part). Slight differences 
were caused by the temporal sequence of 
activation across the ventricular wall and 
by local variations in the duration of the 
refractory state. 

The progress of recovery through the 
ventricular wall can be studied from the 
sequence of the end of different refractory 
periods. In our opinion the best available 
index of the restoration of excitability is 
the end of the F.R.P., since this marks the 
restoration of an essential property of myo- 
cardial tissue: the conduction of the ex- 
citatory wave. 

Furthermore, this point can be measured 
accurately from the strength/interval 
curves. In contrast, the end of the T.R.P. 
can only be estimated with an error of ap- 
proximately 5-10 milliseconds, because dur- 
ing this part of the cardiac cycle the thresh- 
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Fig. 2. Same explanation as for Fig. 1. Experi- 
ment of April 14, 1956. Discussion in text. 


old declines rather gradually. As can be 
seen from Figs. 1-3 (lower part), the 
course of the end of the T.R.P. in the 
successive intramural layers sometimes is 
rather erratic and does not follow the 
same sequence as that of the end of the 
A.R.P. and F.R.P. in these layers. The 
end of the A.R.P., as defined above, can 
be determined without any appreciable 
error, but its functional significance is 
dubious. During heating and cooling of 
the epicardial surface, however, we some- 
times had to resort to this accurately 
and quickly to determine mark-point, even 
if this introduces a slight error (Fig. 4). 
The rapidity of the changes in the duration 
of the electrical systole prevented the de- 
termination of complete strength/interval 
curves for all terminals. 

In these experiments the functional re- 
covery follows rather closely the same time 
course as the spread of activation through 
the middle and outer part of the ventricular 
wall. In these layers the duration of the 
F.R.P. is nearly equal. In the innermost 
layer, however, the F.R.P. sometimes is 
approximately 15 milliseconds longer than 
in the middle and subepicardial layers. 

These results show convincingly that 
recovery does not spread across the ventric- 
ular wall in a linear way, and that pre- 
dictions from determinations of the time 


course of excitability carried out at the 
endocardial and epicardial surfaces are 
erroneous. The middle layers may show 
large deviations from such a linear spread 
because recovery may occur relatively early. 

B. Heating and cooling of the epicardial 
surface. In all control observations the 
the T wave was negative in unipolar 
leads from the epicardial surface near to 
the needle electrode. In the experiment 
with a negative rdial T wave, il- 
lustrated in Fig. 5, the end of the F.R.P. 


4 
inthe layers just beneath _the the epicardial 
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surface occurred approximately some 10 
milliseconds .than in the subendo- 
cardial layers. © negative epicardial T 
wave may be explained by a later repolari- 
zation in the middle and outer layers of 
the ventricular wall. 

During cooling of the epicardial surface 
the absolute refractory period is increased 
throughout the whole diameter of the 


TERMINALS THRESHOLOS 
207 
10 


280 msec. 
ACTIVATION 


/ 
/ 


i 
\ 

/ 


/ 


25 150 


Fig. 3. Same explanation as for Fig. 1, Experiment 
of Feb. 1, 1956. Discussion in text, 


~ 


4 
Number 4 
n- 
ig 
10 
a 
nm 
0 
of | 
TIVATION 
Sy epic. / 
/ 
1, / / 
le ‘| 
1] 
et \ 
; 
r 
f 
4 
| 
| 
| | 
200 250 msec. 


540 Van Dam and Durrer 


CONTROL UNIPOLAR EPICARDIAL 
ACTIVATION ARP TRP 


COOLING 
yj TIVATION 


HEATING 
ACTIVATION 


199 meee, 


250 msec. 


Fig. 4. Temporal relations between activation and 
recovery of excitability for unipolar cathodal stimu- 
lation at all terminals of a needle electrode which 
are situated in the left ventricular wall of a dog’s 
heart in situ, together with unipolar electrogram 
from epicardial terminal. End of A.R.P., F.R.P., 
and T.R.P. taken from complete strength/interval 
curves. Duration of testing pulses is 0.5 msec. 
Upper part: Control. Middle part: During cooling 
of epicardial surface. Lower part: During heating 
of epicardial surface. Experiment of March 22, 1956. 
Discussion in text. 


ventricular wall, and a deep negative T 
wave is recorded from the epicardium. The 
observed small differences in time of re- 
covery between the individual layers do 
not predict such a large change in the 
voltage of the T wave. 

During heating of the epicardial surface 
a positive epicardial T wave is observed. 
The A.R.P. is now shortened throughout 
the ventricular wall. The differences in 
time between the end of the refractory 
period in the different layers are rather 
small, although consistent with the T- 
wave changes, according to the concept of 
the ventricular gradient. 

These observations led us to suppose 
that a change in the transmural sequence 
of restoration of the excitability was not 
the sole factor associated with the marked 
changes in the polarity of the epicardial 
T wave, as has been postulated by Nahum 
and Hoff.® 

In some experiments the time relations 
in the restoration of excitability between 
this section of the ventricular wall and 
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more distant parts of the ventricle were 
analyzed. Fig. 5 illustrates a typical ex- 
periment. In this experiment, four needle 
electrodes were inserted into the antero- 
lateral part of the left ventricular wall. 
Three were placed, respectively, at the 
apex, near to the coronary sulcus, and 
close to the anterior septal part of the left 
ventricle. Within the triangle formed by 
these three needle electrodes a fourth needle 
electrode was inserted (Fig. 6, inset); the 
distance between it and the others was 
approximately 3-4 cm. The head of this 
needle carried two electrodes in contact 
with the epicardial surface: one of these 
was used for stimulation, the other for 
recording. 

In the control observations, at the epi- 
cardial terminal of the central electrode, 
all refractory periods were completed later 
than in the corresponding layers at the 
other needle electrodes (Fig. 6, upper part). 
The sequence of the completion of the 
A.R.P., F.R.P., and T.R.P. in this part 
of the wall indicates that recovery occurred 
later in the outer parts of the wall. This 
should lead one to expect a negative T 
deflection at the epicardial surface, which 
indeed was observed. 

During heating of the epicardial surface 
the epicardial T wave became positive, 
and the duration of all refractory periods 
was shortened (see Fig. 5). The A.R.P. 
of the outer layers is now shorter than in 
the inner layers, and a positive T wave is 
expected. The completion of the F.R.P. 
occurs nearly synchronously in inner and 
outer layers, but there is a large difference 
between the muscle layer in contact with 
terminal 11, at the epicardial surface, and 
that near to terminal 10. The larger dura- 
tion of the F.R.P. at the latter terminal 
should lead one also to expect a positive 
T wave. The sequence of the end of the 
T.R.P., however, is such that a negative 
T deflection from the epicardial surface 
should be expected. 

If one compares the duration of the 
refractory periods determined at the central 
terminal with those at the other terminals, 
important differences in time are seen 
(Fig. 6). During the control observations 
these differences indicate that repolariza- 
tion occurs later at the central electrode, 
and there a negative epicardial T wave is 
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observed. Heating of the epicardial surface 
causes a diminution of all three refractory 
periods in the heated area, which is now 
repolarized earlier than the surrounding 
parts. The epicardial T wave is positive. 


Discussion 


From these observations the conclusion 
can be drawn that the functional recovery 
of the myocardium follows a regular se- 
quence across the ventricular wall. Nowhere 
did we find evidence of an erratic progress 
of the end of the functional refractory 
period. This indicates that an extrasystole, 
arising after the end of the functional re- 
fractory period, will be conducted in a 
homogeneous way and will meet no re- 
fractory tissue on its way, when spreading 
in a direction perpendicular to the epi- 
cardial surface. 

It has been assumed that the sequence of 
repolarization across the ventricular wall 
can be deduced by interpolation of the 
determinations of the end of the electrical 
systole made on the endocardial and epi- 
cardial sides only.*** 

However, it follows from our experi- 
ments that this assumption is not justified. 


CONTROL 


Large deviations may be present from a 
linear progress of recovery in the interposed 
muscle layers. In the middle layers, re- 
covery may be more advanced than in the 
inner and outer layers. This implies that 
the polarity of the epicardial T wave 
cannot be explained only on a basis of the 
difference in time of repolarization in inner 
and outer layers. This view has been ex- 
pressed before by Hoff and Nahum.® We 
found it impossible in most cases to predict 
the polarity of the epicardial T wave from 
the temporal sequence of the completion 
of the A.R.P., F.R.P. and T.R.P. through 
the different layers of the ventricular wall. 
We feel that the method of determining the 
duration of the refractory periods across 
the ventricular wall does not give satis- 
factory information for this purpose. 

At least two other factors contribute to 
the polarity of the epicardial T wave. 
Our findings demonstrate that, also, dif- 
ferences in time in the completion of 
recovery between the area near the re- 
cording electrode and the adjacent areas 
have to be considered. 

Furthermore, we observed occasionally 
that at the beginning of heating of the 
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Fig. 5. Same explanation as for Fig. 4. Upper part: Control. Lower part: During heating of the epicardial surface. 
Experiment of Nov. 22, 1959. Needle electrode No. 1 as indicated in Fig. 6, inset. Discussion in text. 
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NEEDLE ELECTRODE CONTROL 


1 epicardial 


2 subepicardial 
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subepicardial 


4 subepicardial 


NEEDLE ELECTRODE = 


7 epicardial 


2 sub epicardial 
3 sub epicardial 


4 subepicardial 


200 


7 
250 300 msec. 


Fig. 6. Same experiment as in Fig. 5. Temporal relations in recovery of excitability for unipolar cathodal 
stimulation of outermost terminals of 4 needle electrodes in the left ventricular wall of a dog’s heart in situ. 
Duration of testing pulses is 0.5 msec. Upper part: Control. Lower part: During heating of epicardial surface 
around needle electrode. Inset: Position of needle electrodes. Discussion in text. 


epicardial surface a positivity of the T 
wave could be replaced in a few seconds by 
a negativity by lifting the heating tube 
from the epicardial surface; positivity re- 
appeared immediately when the heating 
tube was replaced on the epicardial surface. 
This means that in these cases the sequence 
of repolarization in the outermost layer 
was the only determining factor to the 
polarity of the epicardial T wave. 


Summary 


By means of needle electrodes the time 
course of excitability was studied at dif- 
ferent depths of the left ventricular wall 
of intact dog hearts. The results indicate 
that the end of the functional refractory 
period progresses through the wall in an 
endocardial-epicardial direction and follows 
rather closely the pattern of activation. 
This progression does not follow a linear 
course indicated by the end of the re- 
fractory period at the endccardial and 
epicardial surfaces; in most cases recovery 
of excitability was more advanced in the 
middle layers than in the subendocardial 
and outer wall. Experiments in which the 
epicardial surface was heated or cooled 
indicate that the polarity of the T wave 
cannot be predicted from the general direc- 
tion of recovery across the ventricular wall, 
but is also influenced by temporal dif- 
ferences in the completion of recovery 
between adjacent parts. 
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Case 
reports 


Bacterial endocarditis 


associated with atrial septal defect 
of the ostium secundum type 


Sylvia P. Griffiths, M.D. 
New York, N. Y. 


fniem endocarditis is a rare com- 
plication of atrial septal defect of the 
ostium secundum type.'* This observation 
is of particular interest since the defect 
is one of the most common congenital 
cardiac malformations seen at necropsy.!* 
A review of the literature reveals only 4 
cases of bacterial endocarditis associated 
with an isolated secundum atrial defect.*-® 

The purpose of the present communica- 
tion is to report an additional case of 
ostium secundum defect complicated by 
bacterial endocarditis. It was encountered 
in a study of 58 cases of bacterial endo- 
carditis observed at the Babies Hospital 
in the past 30 years.® 


Case report 


Clinical data. The patient was a 23-month-old 
white female infant with a congenital cardiac mal- 
formation and urinary tract disease who was 
admitted to the hospital in 1939 because of fever. 

PAST HISTORY. The infant was born at term and 
weighed 2.1 kilograms. A heart murmur was detected 
in the neonatal period. When the infant was 5 
months of age, pyuria was noted in association 
with intermittent fever. There was marked re- 
tardation of growth and of pyschomotor develop- 
ment. 

At 8 months of age, the infant was referred to 
the Babies Hospital for diagnostic evaluation. On 
examination at that time she was noted to be a 
small, poorly developed infant who perspired freely. 
She weighed 5.53 kilograms. There was no cyanosis 
or clubbing. A systolic thrill was palpable over the 
base of the precordium. Auscultation of the heart 
revealed a harsh systolic murmur which was 


maximal at the upper left sternal border; the 
pulmonic second sound was loud. The blood pressures 
obtained in an arm and a leg, while the infant was 
crying, were 104/70 and 118/? mm. Hg, respec- 
tively. An electrocardiogram indicated normal sinus 
rhythm, rate of 130, P-R interval of 0.16 second, 
and right axis deviation. A chest roentgenogram 
showed “cardiac enlargement.’’ Congenital heart 
disease was diagnosed, although the nature of the 
defect was not defined. 

Urinalyses revealed intermittent pyuria and 
mild albuminuria; specific gravity varied between 
1.006 and 1.026. Specimens of urine for culture 
which were obtained by catheterization were fre- 
quently sterile but occasionally yielded growth of 
bacteria. The organisms which were recovered, 
either singly or in combination, included Staphy- 
lococcus albus hemolyticus, Staphylococcus aureus 
hemolyticus, and Streptococcus hemolyticus. An in- 
travenous pyelogram demonstrated bilateral hy- 
dronephrosis and hydroureter; the right ureter was 
convoluted. Although obstruction was not visualized 
in the genitourinary tract, it was suspected at the 
ureterovesical junctions. 

The patient remained in the hospital for 4 months 
and failed to show any gain in weight. Neurological 
evaluation suggested the diagnosis of congenital 
cerebral defect with spastic paraplegia and mental 
retardation. She had a few mild elevations of tem- 
perature for 1 to 2 days; the cause of the fever was 
usually obscure. The patient received no specific 
therapy and was discharged at 12 months of age. 

PRESENT ILLNESS. Twelve days prior to readmis- 
sion to the Babies Hospital, the infant became very 
irritable and was noted to have a fever of 103°F. 
Subsequent daily elevations of temperature occurred 
and reached a maximum of 106.5°F. She had 
anorexia and was lethargic. 

PHYSICAL EXAMINATION. The vital signs recorded 
on admission were: temperature 102.4°F., pulse 
140, and respirations 24. Systolic blood pressure, 
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Atrial septal defect 
(Ostium 
secundum) 


Coronary 
sinus 


(Septal 


Fig. J. Drawing of the endocardial surface of the 
right atrium, tricuspid valve, and right ventricle. 
The atrial septal defect of the ostium secundum type 
lies within the valvula of the fossa ovalis. 


Vegetation on 
monary valve 


Mycotic 
aneurysm 


Fig. 2. A, Drawing of the incised right ventricle, 
showing the bacterial vegetation on the right 
anterior cusp and sinus of the pulmonic valve. 
B, Drawing of the epicardial surface of the heart, 
showing a section through the mycotic aneurysm 
located at the right of the conus of the pulmonary 
artery. 


determined by palpation, was 88 mm. Hg. She 
weighed 6.55 kilograms. The patient appeared to be 
marantic and poorly developed. The only positive 
physical finding was a harsh systolic murmur 
which was maximal at the left base. There was no 
evidence of petechiae, splenomegaly, or congestive 
heart failure. 

LABORATORY DATA. The hemoglobin was 9.7 Gm./ 
100 ml. The leukocyte count was 33,000/mm.*, 
with 67 per cent polymorphonuclear cells. Analyses 
of blood revealed nonprotein nitrogen, 36 mg./100 
ml.; carbon-dioxide combining power, 33.8 ml./ 
100 ml.; serum calcium, 8.8 mg./100 ml.; and serum 
phosphorus, 4.1 mg./100 ml. Urinalysis showed 
i+ albumin; in the sediment there were 15 to 45 
white cells, 1 to 8 red cells, and a few hyaline and 
granular casts per high-power microscopic field. 
A urine culture revealed a few colonies of Staphy- 
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lococcus albus hemolyticus. One blood culture was 
obtained which grew Streptococcus hemolyticus: this 
organism did not exhibit the typical characteristics 
of beta hemolysis and could not be classified as 
Group A. A chest roentgenogram on admission 
showed “cardiac enlargement especially at the 
base’’; the lungs were clear. 

COURSE IN THE HOSPITAL. The patient had a 
progressively downhill course, with daily elevations 
of temperature which ranged between 101° and 
105°F. Sulfanilamide therapy (0.9 Gm. daily) was 
started on the third hospital day. On the fifth day 
she developed tachypnea and cyanosis, with signs 
of dullness over the left upper chest; these observa- 
tions were supported by roentgenographic evidence 
of bilateral pulmonary infiltration which was in- 
terpreted as bronchopneumonia. The spleen became 
palpable on the sixth day. The patient expired on 
the seventh day. 

Necropsy findings. The body was that of a poorly 
developed and undernourished female infant measur- 
ing 78 cm. in length and weighing 6.9 kilograms. The 
postmortem examination was limited to an ab- 
dominal incision. There were significant pathologic 
findings in the heart, lungs, and genitourinary tract.* 

HEART. The heart was grossly enlarged and 
weighed 78 grams. There was a localized area of 
pericarditis over the outflow tract of the right 
ventricle. A hemispherical bulge, 0.5 cm. in height 
and 1.5 cm. in diameter, was present on the right 
side of the conus of the pulmonary artery: 
the surface of this protuberance was yellowish 
in color and studded with hemorrhages. The right 
atrium was dilated; its endocardium was smooth. 
In the anterior half of the valvula of the fossa 
ovalis there was a large atrial defect of the ostium 
secundum type; it measured 1.6 by 0.8 cm. and was 
divided by a narrow band (Fig. 1). The tricuspid 
valve was formed by three leaflets and appeared 
to be normal. The right ventricle was dilated and 
mildly hypertrophied; its wall was 0.5 cm. in thick- 
ness. There was no stenosis of the infundibulum or 
pulmonic ring. A huge reddish-brown fungating 
vegetation, which measured 2.5 by 1 by 1 cm., 
occupied the entire right anterior cusp and sinus 
of the pulmonic valve (Fig. 2,A ). There were many 
tiny, light-brown plaques on the inferior surface 
of the left anterior cusp, ranging in size from pin- 
point to 1 mm.; a few were also present on the 
posterior cusp. Section through the bulge on the 
epicardial surface of the right ventricle indicated 
a mycotic aneurysm, with friable vegetations occupy- 
ing the entire cavity, communicating with the 
pulmonic valve (Fig. 2,B). The pulmonary veins 
drained normally into the left atrium; the endo- 
cardium was smooth. The mitral valve was formed 
by two leaflets and was normal in appearance. The 
endocardium of the left ventricle was smooth. 
The aortic valve was normal. The ductus arteriosus 
was closed. Measurements of the circumference of 
the valves, recorded before the heart was fixed, 
were as follows: tricuspid, 5.0 cm.; pulmonic, 3.4 
cm.; mitral, 3.8 cm.; and aortic, 2.5 cm. 


*The gross specimens and histologic sections of the organs 
described are in the Pathology Laboratory of the Babies 
Hospital (Case No. 6568). 
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Microscopic examination: (1) Mvycolic aneu- 
rysm— The outer wall was composed of vascular 
connective tissue infiltrated with lymphocytes, 
polyniorphonuclear leukocytes, and a few eosino- 
phils. he central core was composed of vegetations 
consisting of granular eosinophilic material, bacteria, 
and leukocytes. The adjacent myocardium was 
edematous and showed loss of striations. The 
endocardium was replaced by a layer of degenerating 
muscle fibers with bacteria on the surface. (2) 
Vegetation on the pulmonic valve—This was composed 
of granular eosinophilic material in which were 
large clumps of bacteria and fragmented leukocytes. 
The surface of the vegetation appeared fibrinous. 
(3) Plaques on the cusps of the pulmonic valve— 
These consisted of bacteria superimposed on small 
areas of endothelial proliferation. Gram-positive 
cocci in pairs, short chains, and dense clumps were 
found in the sections through the mycotic aneurysm, 
the pulmonic vegetation, and plaques. 

LuNGs. Gross infarcts were present in the upper 
and lower lobes of the right and left lungs. Friable 
thrombi were seen in the branches of the pulmonary 
artery leading to the areas of infarction. Clumps of 
Gram-positive bacteria were observed in some 
sections of the thrombotic material. 

GENITOURINARY TRACT. The right kidney weighed 
50 grams, and the left, 26 grams. The cut surface 
of the right kidney showed the architecture to be 
well preserved, whereas that of the left kidney was 
destroyed. The left renal pelvis and calyces were 
more markedly dilated than those on the right. 
Fine yellow gravel was present in the pelvis of each 
kidney. There were four large calculi in the right 
ureter. The ureters were tortuous, dilated, and had 
hypertrophied walls. Both ureterovesical junctions 
were patent but narrow. The bladder was dilated 
and hypertrophied; there was no obstruction or 
abnormality of the urethra. 

Microscopic examination showed interstitial pyel- 
onephritis of the left kidney. In the right kidney, 
numerous glomeruli contained capillary emboli. 
Chemical analysis of the ureteral calculi indicated 
calcium, phosphate, and large amounts of carbonate. 

Anatomic diagnosis. (1) Bacterial endocarditis 
of the pulmonic valve with a mycotic aneurysm 
in the wall of the outflow tract of the right ventricle. 
(2) Congenital malformation of the heart: atrial 
septal defect of the ostium secundum type. (3) 
Infarcts of the right and left lungs. (4) Renal calculi, 
bilateral, and ureteral calculi, right. Hydronephrosis 
and hydroureter, bilateral. Interstitial pyelonephri- 
tis, left. Focal embolic glomerulonephritis, right. 
Hypertrophy and dilatation of the bladder (neuro- 
genic?). 


Discussion 


The source of the bacteremia in this 
case was probably infection of the abnormal 
genitourinary tract. This is suggested by 
the history of intermittent pyuria since early 
infancy, the urographic evidence of bilateral 
hydronephrosis at 8 months of age, and 
the necropsy findings of renal and ureteral 
calculi formation and pyelonephritis. The 


organism which was recovered from blood 
culture, Streptococcus hemolyticus, may have 
been a member of the enterococcus group 
of streptococci. These organisms have 
frequently been incriminated in patients 
with genitourinary tract infection and en- 
docarditis.'° 

The localization of the bacterial en- 
docarditis on the pulmonic valve was most 
likely determined by the underlying con- 
genital cardiac malformation, namely, atrial 
septal defect of the ostium secundum type. 
In cases of right-sided bacterial endocarditis 
without pre-existing heart disease the tri- 
cuspid valve is the most common site of 
infection.? The presence of a cardiac mal- 
formation predisposes specific endocardial 
sites to hemodynamic injury which favors 
the implantation of microorganisms during 
bacteremia. Traumatic endocardial lesions, 
resulting from the development of pressure 
gradients across a defect or a deformed 
valve, have been described in those cardiac 
anomalies commonly associated with bac- 
terial endocarditis, e.g., ventricular septal 
defect, pulmonic stenosis, patent ductus 
arteriosus, etc. In large secundum atrial 
defect, however, left-to-right shunting of 
blood occurs through the defect without a 
significant pressure gradient. Endothelial 
‘jet’ lesions have not been described on 
the rim of the defect or in the atria, and 
patients with isolated secundum atrial de- 
fect are not prone to the development of 
bacterial endocarditis." 

There is evidence to suggest hemody- 
namic trauma to the pulmonic and tricuspid 
valves in ostium secundum atrial defect, 
which would theoretically increase the sus- 
ceptibility to infection in these areas. The 
augmented blood flow from the intra- 
cardiac shunt may produce turbulence 
across the valves of the right heart. In- 
tracardiac phonocardiography in patients 
with secundum atrial defect has provided 
indirect evidence of increased flow and 
vortex formation around these valves: mur- 
murs which have been recorded in the right 
ventricle during diastole and in the pulmo- 
nary artery during systole are attributed 
to ‘‘functional’’ stenosis of the tricuspid 
and pulmonic valves, respectively.” Fur- 
thermore, observations from cardiac cath- 
eterization of patients with secundum atrial 
defect and large left-to-right shunts have 
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frequently documented pressure gradients 
across the pulmonic valve." The disap- 
pearance of the gradient after surgical 
closure of the defect has verified the im- 
pression of relative pulmonic valvular ste- 
nosis due to increased flow. Since there 
have not been histologic observations of 
endocardial injury to the pulmonic and 
tricuspid valves in secundum atrial defect, 
one may infer that marked increase in 
pressure is a more important factor than 
flow in the production of hemodynamic 
lesions. 

It is interesting to note in the necropsy 
findings of this case that there was en- 
dothelial proliferation underneath the small 
plaques of bacteria on two cusps of the 
pulmonic valve. These focal areas of fibrous 
reaction were probably a response to bac- 
terial invasion, but they may also have 
been due to pre-existing hemodynamic 
trauma. The massive vegetation on the 
pulmonic valve was the source of multiple 
pulmonary emboli and infarcts. The my- 
cotic aneurysm in the wall of the right 
ventricular outflow tract was probably 
caused by direct bacterial invasion from 
the pulmonic valve. The only evidence of 
systemic arterial embolization was mild 
focal embolic glomerulonephritis. The for- 
mation of peripheral emboli in cases of 
right-sided endocarditis in which there is no 
intracardiac right-to-left shunt may be re- 
lated to pulmonary venous thrombosis, 
secondary to pulmonary infarction.“ 

The observations at postmortem examin- 
ation in the present case are almost identi- 
cal to those in the first case of bacterial 
endocarditis associated with an atrial septal 
defect described by Griffith® in 1906. He 
reported the necropsy of a 15-year-old 
girl with an ostium secundum defect which 
measured ‘‘one by one and a half inches,” 
and endocarditis predominantly of the pul- 
monic valve. A huge fungating mass of 
vegetations which was attached to the 
valve communicated with a mycotic an- 
eurysm at the base of the pulmonary artery 
and right ventricular outflow tract. It is 
of particular interest that the tricuspid 
valve was also involved; one small fibrinous 
vegetation was adherent to the commissure 
-between the septal and anterior leaflets. 
The mitral valve was normal and free of 
inflammatory lesions. 
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In the other three cases of bacterial 
endocarditis with secundum atrial defect 
reported in the literature the localization 
of the vegetations was as follows: on the 
“limbus of the fossa ovalis and mitral 
valve’’ in one, on the left atrial wall in 
one, and not described in the third case, 
except for a statement that the rim of the 
defect was not involved.*-§ In none of 
these reports was there a complete anatomic 
description of the heart; in only one of them 
were the size and position of the atrial 
defect and the appearance of the mitral 
valve noted.’ These reports did not include 
either a bacteriologic diagnosis or a histo- 
logic description of the endocardial lesions. 
In the absence of this information the 
existence of bacterial endocarditis with an 
isolated ostium secundum defect in these 
cases is incompletely established. 

The presence of deformities of the mitral 
or tricuspid valves may increase the sus- 
ceptibility of patients with atrial septal 
defect to the development of bacterial 
endocarditis. Two cases of ostium secundum 
defect and mitral stenosis, the so-called 
Lutembacher syndrome, have been re- 
ported".!6 in which bacterial vegetations 
occurred on the mitral valve. In ostium 
primum, or low atrial defect (partial form 
of common atrioventricular canal), mal- 
formations of the mitral and/or tricuspid 
leaflets invariably occur which may produce 
valvular insufficiency. Bacterial endocardi- 
tis in one case of ostium primum defect 
has been well documented!’: the vegeta- 
tions were implanted on the atrial surface 
of the cleft aortic leaflet of the mitral valve 
and extended onto the adjacent septal 
leaflet of the tricuspid valve. In her review 
of the incidence of bacterial endocarditis, 
Abbott? has tabulated 57 cases of atrial 
septal defect: among 44 with ‘‘defects of 
the upper portion (ostium secundum),” 
bacterial endocarditis was not present, 
whereas 6 of 13 with ‘“‘defects of the lower 
portion” had this complication. The loca- 
tion of the vegetations in the cases with 
low atrial defect, presumably ostium 
primum, was not described. 


Summary 

The clinical and necropsy findings in a 
23-month-old infant with an atrial septal 
defect of the ostium secundum type, com- 
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plicated by bacterial endocarditis, are pre- 
senied. A massive vegetation was located 
on the pulmonic valve and communicated 
with a mycotic aneurysm in the wall of 
the right ventricular outflow tract. These 
lesions were almost identical to those de- 
scribed in the first reported case of endo- 
carditis with ostium secundum defect. Three 
other cases recorded in the literature are 
reviewed. 

Patients with large secundum atrial de- 
fect are not prone to the development of 
bacterial endocarditis, although there is 
evidence for hemodynamic turbulence and 
possible trauma to the valves of the right 
heart. It is suggested that additional de- 
formities of the mitral and tricuspid valves 
may increase the susceptibility of patients 
with atrial septal defect to bacterial en- 
docarditis. 


The author wishes to express sincere appreciation 
to Dr. Dorothy H. Andersen for her interest and 
valuable help in reviewing the necropsy material of 
this case. 
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Mechanisms influencing conduction 
in a case of intermittent bundle branch block 


Andrew G. Wallace, M.D. 
John Laszlo, M.D. 
Durham, N. C. 


he purpose of this report is to present 

a case of intermittent left bundle 
branch block in which the effects of a va- 
riety of physiologic maneuvers and phar- 
macologic agents were tested in an attempt 
to find trigger mechanisms which alter in- 
traventricular conduction. 

Previous authors, writing about the phe- 
nomenon of intermittent left bundle branch 
block, frequently raised the question of the 
mechanisms favoring normal and abnormal 
intraventricular conduction. Vessel! sug- 
gested that when a critical heart rate was ex- 
ceeded, conduction through the diseased 
bundle became impaired and left bundle 
branch block was produced. In support of 
this theory, several authors?~* have pre- 
sented case reports which showed that a 
small increase in heart rate was followed by 
a change from normal to aberrant intra- 
ventricular conduction. Other cases have 
been reported in which the alteration from 
normal to abnormal conduction was un- 
attended by any change in heart rate. Fi- 
nally, bundle branch block has been ob- 
served to develop during slowing of the 
heart rate.® 

The present case afforded an opportunity 
for studying some of the variables involved 
in intermittent bundle branch block. 


Case report 


Present illness. This was the first admission to the 
Durham Veterans Administration Hospital for this 
46-year-old white man. His chief complaint was chest 
pain on exertion. The patient had a documented an- 
terior wall myocardial infarction which had occurred 
14 months prior to admission. He gave no history of 
previous angina pectoris. Subsequent to the myo- 
cardial infarction the patient had been unable to 
work because of recurrent oppressive substernal 
chest pain on exertion or with excitement. He also 
gave a history of mild shortness of breath on exer- 
tion, but denied orthopnea, nocturnal dyspnea, or 
edema. Four years prior to admission the patient 
was found to have mild hypertension. One year prior 
to admission the patient was told that his electro- 
cardiogram showed some form of heart block. 

Physical examination. The blood pressure was 
130/80 mm. Hg, pulse 92, and respirations 12. 
The patient was a well-developed, slightly obese 
white man. Examination of the eye grounds showed’ 
Grade I hypertensive retinopathy. Examination of 
the chest revealed a few moist rales at the base of 
the left lung. The heart was enlarged to the left. 
The heart sounds were normal, with a prominent 
atrial gallop and a faint ventricular gallop. Upon 
examination of the abdomen, the edge of the liver 
was palpable two fingerbreadths below the right 
costal border. The remainder of the physical ex- 
amination was within normal limits. 

Accessory clinical findings. Hemoglobin was 16.2 
Gm. per cent, with normal white blood cell count 
and differential. Urinalysis was normal. Stool guaiac 
was negative. The chest x-ray examination showed 
cardiomegaly, with a cardiothoracic ratio of 15.2/ 
28.2. Chemistries were reported as follows: fasting 
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blood sugar, 106, blood urea nitrogen, 20, cholesterol, 
239, ‘otal protein, 6.9 with a normal A/G ratio. 
Gall-iiadder series was reported to be normal. 
Pheno!-ulfonphthalein test was 75 per cent in 2 
hours. [he initial electrocardiogram was interpreted 
as showing left bundle branch block. A second 
electrocardiogram recorded 2 days later showed nor- 
mal intraventricular conduction, with a prominent Q 
wave in Lead aVz and absent R waves in the right 
precordial leads. 


Methods 


The physiologic maneuvers studied were 
performed under constant electrocardio- 
graphic monitoring. Control tracings were 
made with the patient lying quietly on an 
examining table. Exercise was studied by 
having the patient leg pedal with maximum 
effort while in the supine position, or, on 
occasion, do rapid deep knee bends in the 
standing position. Valsalva and Miiller 
maneuvers were performed in the usual 
way and were held for a period of 20 to 30 
seconds. When arterial occlusive cuffs were 
used, they were placed around all four ex- 
tremities and released after a 5-minute 
period. Alterations in blood gas were in- 
duced by having the subject inhale 10 per 
cent oxygen or 10 per cent carbon dioxide 
for 3 to 5 minutes. Carotid sinus pressure 
was applied to the right side for varying 
periods of time and with varying force. 
Ocular pressure was applied over both eye- 
balls simultaneously. Between studies there 
was a period of rest and equilibration. 

Pharmacologic agents were administered 
to the subject under electrocardiographic 
monitoring. The drugs, dosages, modes of 
administration, and results of each are 
listed in Table II. All of the agents were ad- 
ministered intravenously except for Me- 


Table 1. Physiologic maneuvers performed 
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Fig. 1. Exercise. 


cholyl and amyl nitrite, which were given 
subcutaneously and by inhalation, respec- 
tively. 

Blood pressures were determined with 
the standard cuff and, on occasion, were 
measured directly from an intra-arterial 
needle, with the use of a Statham strain 
gauge and a photographic recorder. 


Results 


Results of the various physiologic ma- 
neuvers are summarized in Table I. Exer- 
cise served as a consistent method of pro- 
ducing aberrant conduction (Fig. 1). At 
least 15 seconds of exercise by the patient 
in the supine position were required before 
conversion of normal conduction to bundle 
branch block. During this time there was 
an increase in heart rate of 40 to 60 beats 
per minute, and a rise of blood pressure 
from control levels of 140/90 to 200/120 
mm. Hg. With the patient in the upright 


Control period 


Response 


Maneuver 


Conduction 


Conduction 


Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 


Exercise supine 

Exercise standing 

Arterial cuff release 

Valsalva maneuver 

Miiller maneuver 
Oxygen—10 per cent 

Carbon dioxide—10 per cent 
Carotid sinus pressure 
Carotid sinus pressure 
Ocular pressure 


Normal 


Left bundle branch block 72-98 
Left bundle branch block | 105 


Left bundle branch block 
Left bundle branch block 
Left bundle branch block 


120-140 
117-140 
125-130 
120-130 | Normal 
70-100 | Normal 
140 Normal 
135 Normal 
Normal 
45-60 Left bundle branch block 
Left bundle branch block 


Nun 
| | 
| 
| 
| Rate | Rate | 
80-115 | | 
90-115 | 
90-120 | | 
| 100-110 | 
| 90-110 | 
| 100 | 
| 108 | 
| 94-122 
80-100 
| 100-120 
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Fig. 2. Valsalva maneuver. 


position, aberrant conduction followed one 
to ten deep knee bends. When conversion 
occurred after only one knee bend, the 
heart rate had increased by only two beats 
per minute. On other occasions, as many 
as ten knee bends were performed prior to 
conversion, and there was an associated 
increase in heart rate of 20 to 50 beats per 
minute. 

The release of arterial occlusive cuffs 
when the patient was in the standing po- 
sition resulted in conversion to bundle 
branch block within 10 seconds; this was 
associated with an increase in heart rate 
of 10 to 25 beats per minute. 

The Valsalva maneuver produced an in- 
crease in heart rate of 10 to 30 beats per 
minute, with maintenance of normal intra- 
ventricular conduction. Upon release of the 
Valsalva maneuver, normal conduction 
converted to bundle branch block within 
one to three beats on several occasions 
(Fig. 2). Aberrant conduction did not occur 
on release of the Valsalva maneuver while 
arterial pressures were being recorded. 
However, it can be seen from Fig. 3 that 
mean and diastolic blood pressures reached 
very low levels during the period immedi- 
ately after release of the Valsalva maneu- 
ver. The Miiller maneuver had only a slight 
effect on heart rate and did not alter intra- 
ventricular conduction. 


Inhalation of 10 per cent oxygen or 10 
per cent carbon dioxide led to a tachy- 
cardia of 130 to 140 beats per minute, with- 
out any change in intraventricular conduc- 
tion. It was also noted that the breathing of 
100 per cent oxygen did not prevent the 
consistent conversion to bundle branch 
block after exercise. 

The various responses to carotid sinus 
pressure are illustrated in Fig. 4. The 
arrows indicate the points at which carotid 
sinus pressure was applied. Tracing A dem- 
onstrates the ease with which bundle 
branch block could be converted to normal 
intraventricular conduction with light carot- 
id sinus pressure. Tracings B, C, and E 
illustrate the responses to more forceful 
carotid sinus pressure. In each case it can 


Fig. 3. Valsalva release. 
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be secn that aberrant conduction followed 
a period of prolonged asystole and was then 
followed by conversion to normal intraven- 
tricular conduction. Tracing F illustrates 
that atropine blocked the effects of carotid 
sinus pressure on bundle branch block in- 
duced by exercise. Tracing G shows that 
bundle branch block beats persisted during 
prolonged carotid sinus pressure in spite of 
marked bradycardia. The finding of aber- 
rant beats during vagal-induced brady- 
cardia led us to examine the effects of carot- 
id sinus pressure on normal conduction. 
Tracing D illustrates such a study and 
demonstrates that carotid sinus pressure 
can induce bundle branch block. In Fig. 5 
it is shown that the conversion to bundle 
branch block during carotid sinus pressure 
is associated with a prolonged period of 
asystole and is attended by a marked fall 
in mean arterial blood pressure. 

The results of the studies in which phar- 
macologic agents were given are presented 
in Table IJ. Potassium and Pronestyl each 
resulted in conversion of normal conduction 
to bundle branch block. On separate oc- 
casions, conversion occurred during an in- 
crease, decrease, or no change in heart rate. 


Calcium or molar sodium lactate rapidly 
converted bundle branch block induced by 
potassium or Pronestyl to normal intraven- 
tricular conduction. 

Inhalation of amyl nitrite when the pa- 
tient was in the standing position resulted 
in a change from normal to aberrant con- 
duction, with an associated increase in 
heart rate of only two beats per minute. 
Inhalation when he was in the supine po- 
sition had no effect on intraventricular con- 
duction. 

Atropine produced a tachycardia of 122 
beats per minute, without any change in 
intraventricular conduction. 

The administration of Isuprel resulted in 
an increase in heart rate from a control 
level of 88 beats per minute to 170 beats 
per minute. There was no change from 
normal intraventricular conduction 
throughout the period of infusion. Transi- 
ently during this study the P-R interval 
shortened from a control of 0.20 to 0.08 
second. We have observed similar shorten- 
ing of the P-R interval in normal subjects 
during infusion of Isuprel, over and above 
the shortening associated with increased 
heart rate. 


Fig. 4, Varying responses to carotid sinus pressure, 
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Fig. 5. Carotid sinus pressure. 


Tensilon, Mecholyl, and aminophylline 
had only slight effects on cardiac rate and 
did not lead to any alteration in intraven- 
tricular conduction. 


The case reported illustrates the phe- 
nomenon of intermittent left bundle branch 
block. Unstable bundle branch block of 
this type was first described by Lewis® in 
1913. This is not a rare conduction ab- 
normality, as Comeau, Hamilton and 
White’ noted in 1938. They also pointed 
out that most cases of intermittent left 
bundle branch block occurred in a setting 
of organic heart disease. The etiology of 
the conduction disturbance in this case was 
presumed to be coronary artery disease, 
based on a history of angina pectoris and 
a documented myocardial infarction. 

Mechanisms favoring normal and ab- 
normal conduction in cases of intermittent 
left bundle branch block have been dis- 


Table I1. Pharmacologic agents administered 
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cussed by many clinical investigators over 
a 30-year period. Vessel* reported two 
cases which clearly demonstrated that this 
type of intraventricular conduction may 
be very susceptible to changes in cardiac 
rate. Eichert® showed that whereas rapid 
heart rates favored conversion to bundle 
branch block, and slow heart rates favored 
normal conduction, there was considerable 
overlap between the two forms of conduc- 
tion with respect to rate. 

Exercise served as a consistent way of 
inducing left bundle branch block in our 
patient. It was our initial impression that 
conversion to left bundle branch block with 
exercise was related to the associated in- 
crease in heart rate. We attempted to evalu- 
ate this hypothesis by inducing tachycardia 
comparable to that produced by exercise, 
using atropine, Isuprel, or inhalation cf 
carbon dioxide. Tachycardia induced by 
these agents failed to produce bundle 
branch _ block. 

Termination of bundle branch block by 
carotid sinus pressure has been reported 
previously and has been attributed to slow- 
ing of the heart rate below a critical 
level.!°-" In our patient, carotid sinus pres- 
sure served as a consistent method of con- 
verting bundle branch block to normal in- 
traventricular conduction. However, we 
noted that during forceful carotid sinus 
pressure, blocked conduction persisted for 
several beats despite marked bradycardia. 
To our surprise we also noted that forceful 
carotid sinus pressure consistently induced 
conversion from normal intraventricular 
conduction to bundle branch block. This 
case appears to be unique by being the first 


Control period Response 
Agent Dose 
Conduction Conduction 
Pronesty] 200 mg. I. V. 110-118 | Normal 95-100} Left bundle branch block 
Potassium 40 mEq. I. V. 94-100 | Normal 92-108) Left bundle branch block 
Calcium gluconate | 1.0 Gm. I. V. 100 Left bundle branch block} 85 Normal 
Molar sodium lactate} 100 mEq. I. V. 102 Left bundle branch block} 84 Normal 
Amy] nitrite | Inhalation 120 Normal 122 Left bundle branch block 
Atropine 2.0 mg. I. V. 100 Normal 122 Normal 
Isuprel .004 mg./min. I. V.| 88 Normal 170 Normal 
Aminophylline 500 mg. I. V. 102 Normal 118 Normal 
Mecholyl 20 mg. subcutan- 
eously 110 Normal 116 Normal 
Tensilon 1.0 mg. I. V. 100 Left bundle branch block| 84 Left bundle branch block 


| 
Discussion : 


Volum 1 
Number ¢ 


in which carotid sinus pressure both termi- 
nated and induced bundle branch block in 
the same patient. 

The observations made on the patient 
during exercise, pharmacologically induced 
tachycardia, and carotid sinus pressure il- 
lustrate that both bundle branch block and 
normai intraventricular conduction may 
occur at slow and rapid heart rates. Normal 
conduction was recorded at heart rates from 
58 to 172; bundle branch block was re- 
corded at heart rates from 45 to 160. It is 
our opinion that this wide overlap (Fig. 6) 
eliminates heart rate per se as the primary 
determinant of the type of intraventricular 
conduction in this patient. 

It was our impression that the type of 
intraventricular conduction during carotid 
sinus pressure was related to the force ap- 
plied to the sinus. In an attempt to evaluate 
this hypothesis we sought to establish what 
relationship, if any, existed between the de- 
gree of prolongation of the R-R interval 
and the form of the ventricular complex. 
This relationship is illustrated in Fig. 7. 
When, during carotid sinus pressure, the 
R-R interval was less than 1.2 seconds, the 
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Fig. 6. Heart rates with normal conduction and 
bundle branch block. 


ventricular complex was normal. When the 
R-R interval was greater than 1.4 seconds, 
the form of the ventricular complex was 
that of left bundle branch block. This re- 
lationship held regardless of the type of 
intraventricular conduction prior to carot- 
id sinus stimulation. It is tempting tc pos- 
tulate from this data that increased vagal 
tone can itself induce bundle branch block, 
but it will be seen from subsequent discus- 
sion that alternative mechanisms may be 
operative, and that a cause-and-effect re- 
lationship has not been demonstrated. 


= Bundle Branch 
Block Beat 


Normally 
Conducted 


140 160 180 200 220 240 


80 00 120 
R-R 
Fig. 7. The relationship of the ventricular complex form to the R-R interval during carotid: sinus pressure. 


Plotted on the abscissa are the R-R intervals between each beat recorded during carotid sinus pressure. For 
purpose of spread only, the R-R intervals preceding that recorded on the abscissa are plotted on the ordinate. 
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Inhalation of amyl nitrite and release of 
arterial occlusive cuffs when the patient was 
in the standing position led to aberrant con- 
duction with little change in heart rate. 
On release of the Valsalva maneuver, con- 
version to bundle branch block occurred 
within one to three beats on several oc- 
casions. A hemodynamic sequel common 
to these three maneuvers is a fall in arterial 
blood pressure, and it may be that this led 
to reduced coronary perfusion and bundle 
branch block in these instances. In this re- 
gard it is also interesting to recall that dur- 
ing carotid sinus pressure there was a sig- 
nificant fall in arterial pressure during the 
period of asystole preceding conversion to 
bundle branch block. Dressler’ recently re- 
ported two cases in which normal intraven- 
tricular conduction converted to left bundle 
branch block under circumstances of in- 
creased vagal tone. He proposed the theory 
that increased vagal tone may induce bun- 
dle branch block by a (postulated) coro- 
nary vasoconstrictor effect. Coronary blood 
flow was not measured in our patient, and, 
therefore, no conclusions regarding its ef- 
fect can be drawn. Reduced coronary blood 
flow is still a plausible explanation for the 
induction of bundle branch block. 

Of the pharmacologic agents given, those 
known to depress intraventricular conduc- 
tion, i.e., Pronestyl and potassium, induced 
bundle branch block. Agents known to 
facilitate intraventricular conduction, i.e., 
calcium and molar sodium lactate, reversed 
the effects of Pronestyl and potassium and 
converted bundle branch block to normal 
conduction. These responses suggest that 
the diseased bundle may be sensitive to in- 
fluences which primarily alter conductivity. 

In conclusion, it was our purpose to 
elucidate trigger mechanisms which served 
to alter intraventricular conduction in a 
patient who demonstrated the phenomenon 
of unstable bundle branch block. It is ap- 
parent that these trigger mechanisms are 
sufficiently complex to defy any simple ex- 
planation. Maneuvers of the type per- 
formed on this patient do offer possible 
avenues for further investigation. Such 
studies may ultimately clarify the inter- 
relationships between hemodynamic, neu- 
ral, and nutritional factors and the funda- 
mental process of impulse transmission in 
the normal and diseased heart, 


Am. Heart J, 
April, 1961 


Summary 


A case study of the phenomenon of inter- 
mittent left bundle branch block has been 
presented. We tested a variety of physio- 
logic maneuvers and pharmacologic agents 
for their effects on intraventricular con- 
duction. The data indicated that heart 
rate could not have been the primary de- 
terminant of the type of intraventricular 
conduction, but may have had a secondary 
or modifying influence. Carotid sinus pres- 
sure was shown to both terminate and in- 
duce bundle branch block. The form of the 
ventricular complex during carotid sinus 
pressure was related to the degree of pro- 
longation of the R-R interval. It could not 
be determined from our data whether the 
response to increased vagal tone was due 
to direct inhibitory effect of the vagus or 
to other factors, such as the marked fall in 
mean arterial blood pressure. The effects 
of the various physiologic maneuvers sug- 
gest that hemodynamic factors may play 
a major role in determining the form of the 
ventricular complex. The responses to the 
various pharmacologic agents tested 
seemed to indicate that the diseased bundle 
was extremely sensitive to influences pri- 
marily altering intraventricular conduc- 
tivity. 

In conclusion, after a careful analysis of 
studies performed on a patient with inter- 
mittent left bundle branch block, we still 
do not know which factor(s) was (were) 
most important in governing the mode of 
intraventricular conduction. It appears 
that heart rate can be eliminated as a pri- 
mary factor in this patient. Perhaps the 
final answer to this problem lies in a better 
understanding of the interaction of hemo- 
dynamic, neural, and nutritional factors 
on intraventricular conduction. 

We wish to thank Dr. Eugene A. Stead, Jr., Dr. 


E. Harvey Estes, Jr., and Dr. Henry D. McIntosh 
for their assistance with this report. 
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Review 


Alcoholic cardiomyopathy 


William Evans, M.D. 
London, England 


[' is now custom to apply the term 
cardiomyopathy to any affection, includ- 
ing hypertrophy, of the myocardium, which 
is not part of such common states as hyper- 
tension, or coronary arterial, valvular, and 
congenital heart disease. Only within recent 
times has it become known that alcohol is a 
frequent cause. 

The delay in such recognition is ex- 
plained by a set of circumstances which 
include the stealthy development of the 
condition, the sparsity of physical signs in 
its early stages, a misinterpretation of the 
cause of an arrhythmia which it commonly 
exhibits, the erroneous assumption that the 
harmful effects of alcoholism make them- 
selves known as a beriberi syndrome, the 
wrongful conclusion that certain electro- 
cardiographic changes and, later on, heart 
enlargement with heart failure have been 
the outcome of coronary arterial disease, 
and the inattention paid to insular changes 
in a hypertrophied myocardium at necropsy. 

Because alcoholic cardiomyopathy in its 
early stages can be halted, its prompt 
diagnosis is rewarding, for abstinence from 
spirit-drinking before it has exerted serious 
and irretrievable damage on the heart 
muscle will enable a patient to regain his 
customary health. A familiarity with its 
clinical and electrocardiographic presenta- 
tion, therefore, assumes exceptional im- 
portance. 


Clinical features 


The chief characteristic which marks the 
progress of the injurious effects of alcohol 


on the heart is the insidious way in which 
they creep in. Thus, many months or even 
years may pass before the undisguised 
spectacle of cardiac involvement is laid 
bare. 

Palpitation may be the first symptom to 
appear in alcoholic cardiomyopathy, taking 
the form either of paroxysmal tachycardia 
or more often of auricular fibrillation. In- 
deed, fibrillation in the absence of its more 
common causes, such as mitral stenosis, 
thyroid toxemia, cardiac infarction, hyper- 
tension, and constrictive pericarditis, is 
likely to be the outcome of excessive spirit- 
drinking, and in this circumstance it is for 
the clinician to extract this confession 
through persistent interrogation of the pa- 
tient, or his relatives if necessary. 

Of great significance too is the finding in 
an adult of extrasystoles in company with 
a moderate tachycardia of 90 or so per 
minute. It should be recalled that extra- 
systoles do not like tachycardia, so that 
if these two states are found side by side, 
cardiomyopathy from alcoholism is the 
usual explanation. 

Bundle branch block, either in sinus 
rhythm or associated with fibrillation, is a 
common conduction defect, and complete 
heart block is not rare. 

Moderate breathlessness is also a common 
initial symptom. In that the complaint 
is not an arresting one during the early 
phase of the illness, it is not infrequently 
attributed to obesity, which is almost 
invariably present. 

Chest pain is not a symptom of alcoholic 
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Fig. 1. Moderate enlargement of the heart, with 
early pulmonary congestion. 


cardiomyopathy, but should it be a fortui- 
tous finding, it gains importance when 
the subsequent electrocardiogram shows 
changes which may lead erroneously to 
the assumption that cardiac infarction is 
providing a source for the pain. 

At a later stage of the illness, breathless- 
ness increases and becomes a distressing 
symptom, for it is then accompanied by 
the more sinister signs of heart failure, 
which include a prominent venous pulse 
which frequently shows a diastolic dip, 
greater cardiac enlargement, triple heart 
rhythm, a pansystolic murmur from dilata- 
tion of the mitral or tricuspid rings initiat- 
ing mitral or tricuspid regurgitation, crepi- 
tations at the lung bases over which fluid 
collects, and even edema of the ankles. 

Radiology. During the early phase of the 
illness, the heart, when viewed radiologic- 
ally, may appear natural in shape and in 
size. When the T wave in the electrocardio- 
gram becomes deformed, even in a limited 
way, some degree of cardiac enlargement 
is common. As the condition progresses, 
such enlargement assumes prominence, and 
hilar clouding makes its appearance as 
evidence that heart failure has set in (Figs. 
1 and 2). Sometimes, the cardiac silhouette 
is large because of the addition of peri- 
cardial effusion. If a beriberi syndrome has 
developed, much pulmonary congestion may 
show in the absence of conspicuous cardiac 
enlargement. 
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The beribert syndrome. In those patients 
who consume large quantities of alcohol, 
especially in the form of beer, to the exclu- 
sion of regular and adequate meals, the 
body is supplied with a surfeit of calories 
from a high intake of carbohydrates but is 
deficient in vitamin B,. Thus, a clinical 
syndrome results in the occident similar 
to that styled as beriberi in the orient, one 
which develops when polished rice forms 
the staple article of diet. 

The clinical features arising from such 
thiamine deficiency include the accumula- 
tion of fluid in serous cavities, anasarca, 
warm skin, a pounding arterial pulse with 
a raised pulse pressure, and increased cir- 
culation time, characterizing the so-called 
high output heart failure. At the height 
of the illness the electrocardiogram may be 
surprisingly normal, but as soon as satis- 
factory diuresis and clinical improvement 
take place after treatment with thiamine, 
the tracing usually shows sharp and tempo- 
rary inversion of T waves. Presumably, 
such characteristic fugitive changes result 
from an abrupt mobilization of electrolytes 
within the myocardium after the beneficial 
action of thiamine. 

The purpose of this paper, however, is 
to emphasize the rarity of this beriberi 
syndrome among those who drink spirits 
in excess, at least in my own country, 
and to name this circumstance as among the 
chief reasons for our erstwhile neglect to 


Fig. 2. Great enlargement of the heart, hiding the 
hilar congestion. 
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Fig. 3. Dense fibrosis (F) of the myocardium in 
A, and sparse fibrosis ( F) in B. 


recognize the deleterious effects of alcohol 
on the heart muscle. In turn, it is meant to 
call into prominence those clinical and 
electrocardiographic features which enable 
a readier diagnosis of alcoholic cardiomy- 
opathy, a common and preventable form 
of heart disease. 

Nature of the myocardial injury. Before 
discussing the separate electrocardiographic 
patterns which characterize alcoholic car- 
diomyopathy, it is expedient to describe the 
myocardial lesion, because the former are 
better understood when they are related to 
the corresponding histologic changes in the 
heart muscle. 

Thus far, the pathologic changes wrought 
by alcohol on the myocardium have not 
been universally appreciated, and this neg- 
lect partly follows a habit of years to re- 
gard alcohol as showing a proneness to 
assault the liver rather than the heart, It is 
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the heart, however, which is the first ex- 
ponent of the injurious effects of alcohol 
in man. The recognition of the cardiac 
injury at this stage carries a hope that the 
damage which the condition inflicts can 
be retarded and to some extent reversed. 
To allow it to go unheeded until it has 
spread to involve large areas of the heart, 
causing the heart to enlarge and to fail, 
is to forfeit this opportunity to do good; to 
ignore cardiac fibrosis during the wait for 
hepatic fibrosis to develop, is to wait too 
long, for it is not then within the compe- 
tence of therapeutic management to bring 
about any material improvement. The path- 
ologic changes which take place, and in the 
absence of coronary arterial disease, are in 
two groups, being either sparse or gross. 

In the sparse variety (Fig. 3) the heart 
may show some enlargement from com- 
pensatory hypertrophy of its muscular 
fibers. Macroscopically, the cut surface of 
the myocardium may appear to be normal. 
Likewise, a cursory histologic examination 
may fail to discover anything wrong, but a 
more diligent search will find insular areas 
of fibrosis, accompanied by a variable de- 
gree of cellular reaction. Not infrequently, 
such a lesion may lie astride the path of 
the conducting tissue. 

The more gross changes (Fig. 3), con- 
sisting of larger and more confluent areas 
of fibrosis, are discernible to the naked eye, 
and cardiac enlargement, from compensa- 
tory hypertrophy of the muscle fibers, is a 
more obvious feature. 


The electrocardiogram 


The electrocardiogram has proved itself 
of inestimable value in the diagnosis of 
alcoholic cardiomyopathy, and character- 
istic blemishes in the tracing established 
that heavy spirit-drinking accounted for 
the symptomatology in 80 patients as- 
sembled in private practice over a relatively 
short period, most of whom attempted to 
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Fig. 4. Spinous T waves from five patients. 
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conceal this habit until persistent question- 
ing eventually brought forth an admission. 

The abnormality. in the electrocardio- 
gram takes the form of either a deformity 
in the T wave, some kind of arrhythmia, 
or a fault in conduction, and the changes 
are conveniently described under these 
three heads. 

Distinctive T-wave changes. For the most 
part, T-wave changes result from myo- 
cardial lesions which have already been 
described as sparse pathologic changes, so 
that a limited aggregate of fibers are in- 
terrupted and contrasting with the con- 
siderable portions of heart muscle involved 
when the blood supply is deprived by oc- 
clusive disease of the coronary arteries. 

THE SPINOUS T WAVE. In this deformity 
the summit of the T is drawn out to a 
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needle-like point (Fig. 4). As a rule, the 
T is at the same time tall. It is seen in 
leads over the left ventricle, but since tall 
and rather spiky T waves are seen in the 
apical Lead CR, in healthy subjects, this 
near-normal T wave is more readily dis- 
cerned in the posterior axillary Lead CR;. 
For this reason, should V leads be recorded 
instead of CR leads, this distinctive electro- 
cardiographic sign may not show to the 
same advantage. 

The spinous T wave indicates an in- 
creased rather than impeded conductivity 
across the muscle because of a state of 
increased irritability, and so constitutes the 
earliest evidence of the toxic effect of 
alcohol on the myocardium. 

THE CLOVEN T WAVE. This deformity ap- 
pears as a cleft at the summit of a T wave 


= 


Fig. 5. The electrocardiogram in six patients, showing cloven (C), dimple (D), and 


low T waves. 
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Fig. 6. The electrocardiogram in five patients, showing cloven (C), dimple (D), 


and low T waves. 


which is somewhat subdued in height, and 
is usually seen in Leads I, II, or CR, (C 
in Figs. 5 and 6). It is known that a cloven 
T wave may appear in the apical lead in 
healthy children, but in this event the T is 
deformed to a greater extent in the right 
ventricular leads. Rarely, the cloven T may 
be the outcome of a very limited cardiac 
infarction, but in practice it may be as- 
sumed that this deformity of the T in left 
ventricular leads in a patient without chest 
pain signals the diagnosis of alcoholic car- 
diomyopathy, and its presence should direct 
inquiry into the amount of spirits habitually 
consumed. A cloven T can remain apparent 
in the presence of fibrillation, provided 
that the effects of neither digitalis nor 
transient bundle branch block have been 
added. Abstinence from spirit-drinking may 


cause this distinctive electrocardiographic 
sign to disappear, in concert with loss of 
all symptoms (Fig. 7). 

THE DIMPLE T WAVE. Herein lies another 
characteristic electrocardiographic deform- 
ity in early alcoholic affection of the myo- 
cardium. The S-U period is isoelectric, 
except for an interruption by a shallow 
and narrow dimple (D in Figs. 5 and 6). 
This dimple T is commonly found in Leads 
I and CR;, and sometimes in Lead CR,. 

Occasionally, a dimple T has appeared in 
young subjects after a meal, but this post- 
prandial electrocardiographic change dis- 
appears in the course of a few hours. 
Should the sign be met with rarely in a 
patient with cardiac pain, it is never a lone 
abnormality and it occurs alongside more 
obvious changes in other leads, including 
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significant Q waves, deep and wide T-wave 
inversion, and depression of theS-T segment. 

When either cloven or dimple T waves 
are exhibited, T waves in other leads are 
often of low voltage. 

FRANK T-WAVE INVERSION. With the pas- 
sage of time and the spread afield of myo- 
cardial fibrosis, the newly described dis- 
tinctive deformity of the T wave in certain 
leads may be accompanied by deeper in- 
version of the T wave in other leads, but 
even in this circumstance the base of the T 
wave is not so wide as in those patients in 
whom the electrocardiogram signifies car- 
diac infarction from coronary arterial dis- 
ease (Fig. 8). 

Arrhythmia. 

EXTRASYSTOLES. When the clinical fea- 
tures of alcoholic cardiomyopathy were 
described earlier, emphasis was given to 
the presence of extrasystoles in the com- 
pany of tachycardia. The electrocardiogram 
in this instance, in addition to confirming 
the rather unusual combination, shows that 
the frequent premature beats commonly 
take origin from multiple foci in the heart 
(Fig. 9). 

PAROXYSMAL TACHYCARDIA. Because this 
innocent rhythm is so often exhibited in 
healthy subjects, care should be taken be- 
fore attributing it to heavy spirit-drinking. 
Nonetheless, when auricular tachycardia 
appears for the first time in an adult male, 
alcoholic cardiomyopathy should be kept 
in mind as a possible cause, and the distinc- 
tive electrocardiographic signs should be 
sought whenever sinus rhythm is resumed. 

AURICULAR FIBRILLATION. When the com- 
mon causes of fibrillation, like mitral steno- 
sis, thyroid toxemia, cardiac infarction, 
hypertension, and constrictive pericarditis, 
have been excluded in a given patient, it 
should be known that it may often assume 
one of two other forms, namely, the lone 
kind of fibrillation, or one which has its 
source in alcoholic cardiomyopathy. The 
latter can be told from the former by the 
quicker heart rate, the association of some 
degree of cardiac enlargement, and the 
presence of one of the distinctive T-wave 
changes, or multifocal extrasystoles, in the 
electrocardiogram (Fig. 10). 

To bear in mind excessive spirit-drinking 
as the cause of paroxysmal, or established, 
auricular fibrillation in the adult, and to 
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examine the electrocardiogram critically 
before digitalization has deformed it, is to 
re-emphasize the common incidence of al- 
coholic cardiomyopathy. 

Faulty conduction. Mention has already 
been made, when description of the sparse 
pathologic changes in alcoholic cardiomy- 
opathy was made, that one or more of the 
scattered fibrotic areas may lie astride the 
path of the conducting tissue. Indeed, 
bundle branch block, first as a transient 
feature and later as a permanent fault, is 
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Fig. 7. The cloven T waves in Leads CR, and CR; 
in A are absent from B, which was recorded after 
complete abstinence from spirit-drinking. 
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Fig. 8. Electrocardiograms from four patients in 
which cloven and dimple T waves are associated 
with frank inversion of the T in certain leads. 
There was considerable enlargement of the heart 
in each patient. 


not uncommon in patients addicted to 
spirit-drinking through many years. 

When the block is transient, one of the 
characteristic deformities of the T wave 
may be present in the standard electro- 
cardiogram recorded when the block is 
absent (Fig. 11). 

Examples of complete heart block, al- 
though less common than those exhibiting 
bundle branch block, are also not infre- 
quently met with. 

THE S2S3 PATTERN. Recently, we have 
shown that when the S wave in Leads II 
and III exceeds the R wave in the absence 
of an S in Lead I, a lesion is present in the 
anterolateral portion of the left ventricle. 
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Naturally, the common cause of this fault js 
cardiac infarction from coronary arterial 
disease, but some other kind of cardiomy- 
opathy may also supply the source. When it 
arises from alcoholic cardiomyopathy, a 
widening of the QRS complex may be an 
associated finding (Fig. 12). 

The beriberi electrocardiogram. Mention 
has already been made of the fugitive 
T-wave inversion which takes place when 
alcoholism has produced a beriberi syn- 
drome, and which appears immediately in 
the wake of thiamine therapy, reverting 
to normal in concert with the benefit which 
such therapy induces. 


General remarks 


Now that the clinical, pathologic, and 
electrocardiographic features of alcoholic 
cardiomyopathy have been described, some 
general questions remain to be considered 
which relate to the patient, and his work 
and habits. 

What kind of man is he? He is usually a 
male and past middle age. As a rule, he 
meets his physician in private rather than 
in hospital practice. He is neither an out- 
cast of society, a sloth in commerce, nor a 
sluggard in industry. On the other hand, he 
is sociable and likable, loyal to his col- 
leagues and superiors, and a restless worker. 
Day in and day out he canvasses custom 
and hawks his ware as he fills and refills his 
guest’s goblet and his own. On his return 
home he delves into the accumulated work 
of the day, fortifying himself far into the 
night from the bottle at his side. For a time 
the stimulant appears to stimulate his 
mind; in a longer time it poisons his heart, 
and he becomes a slave and the victim 
of the merciless competition inseparable 
from twentieth century commercialism. 

Sometimes, he is the unhappy husband 
who, becoming estranged to his home, 
prefers to spend his evenings at the club 
or the bar, thereby avoiding the just ad- 
monishment of his wife, who sees more 
clearly than he does the approaching doom, 
in that through his stubborn disbelief 
that there is anything wrong, he is not 
impelled to modify his drinking habits. 

Although he often plays at golf, he never 
excels at it, for he is more attracted to the 
amenities of the clubhouse than to improv- 
ing his game. Another might be an aging 
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Fig. 9. Multiple extrasystoles (*) and moderate 
tachycardia. Cloven T wave (C) in two auricular 
extrasystoles. 


bachelor without hobbies, who whiles away 
his hours of loneliness, and as he attempts 
to uplift his depressed spirits with alcohol, 
he drains his cup of sorrow in the false 
hope of removing his own. 

Not infrequently, a patient’s occupa- 
tional association with the liquor trade as 
distiller or sampler, merchant or publican, 
brings to him an easy access to alcohol and 
to a habit which he tries in vain to resist 
or restrict. 

How much does he drink? It is not difficult 
to ascertain the kind of alcohol consumed 
by patients presenting with alcoholic car- 
diomyopathy, and the order of preference 
proved to be whisky, gin, rum, brandy, and 
wine. Naturally, these were often taken 
in combination. If the consumption of al- 
cohol was confined to beer, the syndrome 
described here was not met with, but of 
course beer was often taken in addition 
to spirits. When habitual excessive drinking 
is confined to beer, the beriberi syndrome 
is the likely manner in which the clinical 
picture presents itself. 

An accurate estimate of the amount of 
alcohol consumed by individual patients, 
however, is seldom obtained. Nonetheless, 
persistent interrogation which uses finesse 
and artifice, when the meagerness of the 
admitted daily intake, for instance, is de- 
liberately derided at first, may draw a 
confession to taking larger quantities and 
permit a truer view of the situation. Indeed, 
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when the patient capitulates to this subtle 
questioning, he might resort to boastfulness 
and brag as one did, “I have taken two 
bottles of whisky each day for more than 
five years, and I have never once been 
drunk.” It is constant drinking, not spas- 
modic inebriation, that poisons the heart. 
Another ruse which the interrogator, armed 
with trust in the electrocardiographic clue, 
can often use to extract from a patient a 
confession to drinking in excess of what he 
first names is to instruct the patient to 
abstain from drinking any alcohol because 
it is damaging the heart muscle, adding 
that since he only partakes of small quanti- 
ties he would doubtless find it easy to 
conform with the request. This brings an 
admission that he does drink substantial 
quantities, and an appeal that a modified 
ration be allowed. At all times the ingenuity 
of the interrogator is pitted against the 
craftiness of the patient. In one such in- 
stance in which the interview had failed 
to draw an admission, as the patient turned 
to don his coat, a bulging hip-pocket came 
into view and subsequently was made the 
object of inquiry when a flask of brandy was 
uncovered, and was acknowledged to be a 
constant companion. Of course, the phy- 
sician’s reliable ally in his search for a true 
history is the spouse, unless, in rare in- 
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Fig. 10. Cloven T waves (C) are apparent in Lead 
CR, in spite of the effects of digitalization in a 
patient with auricular fibrillation. 
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Fig. 11. A cloven T wave (C) in Lead CR, in A is 
absent in B where left bundle branch block has 
supervened. 


stances, the two are in collusion because of 
habits shared. 

Although the electrocardiographic signs 
described here contribute to the recognition 
of alcoholic cardiomyopathy, they, too, 
cannot measure the quantity of alcohol 
which can produce the myocardial changes. 
Inseparable from the search for data that 
might provide information on the cardio- 
toxic dosage of alcohol is the appreciation 
that patients exhibit a different degree of 
tolerance to its deleterious effects, so that 
it is difficult to pronounce on what is 
enough and harmless, and what is excessive 
and harmful. To prejudge susceptibility in 
this context is not within the physician’s 
competence. It is certain, however, that a 
daily consumption of 6 to 12 portions of 
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spirits will produce cardiomyopathy in as 
many years, and in far less time in suscep- 
tible patients. 

To most, the cost of the commodity is 
prohibitive, and for this reason alcoholic 
cardiomyopathy is less common among 
hospital than private patients, but the 
privilege of occupation whereby its cost 
might be debited to a business expense 
account, or its ready availability through 
the nature of one’s work or trade, may 
make its actual cost a matter of less con- 
sequence. Those who crave spirits, and 
through financial sacrifice procure it, may 
share the sentiment of one patient, who, 
when asked how he afforded it, replied, 
“Doctor, you don’t regard whisky at 37/6 
(thirty-seven shillings and sixpence) a bottle 
as expensive when you have to pay 1/4 
(one shilling and fourpence) for a cauli- 
flower.”’ 


Treatment 


This investigation does not permit one to 
moralize in regard to a national habit just 
because it is being abused, nor does it 
justify a plea to forego a conventional 
custom of entertaining a friend to casual 
drinks at a bar, at table, or in the home. 
It is concerned not with the consumption of 
alcohol as a sin to flee from, but with 
alcoholism as a dread disease to avoid. Its 
treatment is considered under three heads, 
namely, its prevention, and the manage- 
ment of the illness during its early and late 
phases. 

Prevention. Prevention of alcoholic car- 
diomyopathy can only be effected through 
applied education, and wholesale dissemina- 
tion of information about the injury to the 
heart which inevitably follows habitual 
spirit-drinking. This should become a na- 
tional responsibility because it is of national 
concern. Because the habit is commonly 
formed in young adult life, arrangements for 
the matter to be clearly discussed in higher 
schools, colleges, and universities should 
become custom, and it must find a place 
in the official scholastic curriculum. Or- 
ganized lectures need to be inaugurated 
among industrial and commercial societies, 
for it is in these groups that the habit so 
commonly finds first root. To be fore- 
warned is to be forearmed, and prevention 
is better than cure, may both be hackneyed 
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phras. 5, but none can be more apt in a 
discu--ion of the treatment of alcoholic 
cardic nyopathy. Nor must medical opinion 
stand aloof to the problem of preventing 
this scourge of habitual excessive spirit- 
drink:ng, whose ravages on the heart have 
only recently come to light. Warning of its 
dange:s must be tendered early. Such ad- 
vice given and accepted will gain well- 
earned satisfaction. Advice given and 
thwaried will bring disappointment, though 
without guilt, to its counsellor. Advice 
withheld breeds guilt and remorse in that 
a duty has been neglected and an opportu- 
nity has passed. 

The early phase. The early stage is 
identified when a patient presents with 
light symptoms, like moderate breathless- 
ness or palpitation, and when character- 
istic signs in the electrocardiogram tell of 
the sparse changes in the myocardium, and 
the heart at cardioscopy shows only mini- 
mal or no cardiac enlargement. At this 
point the amber light has winked and the 
signal is at red, and failure to halt means 
a crash on the journey ahead. Advice to 
the patient must be sharp and peremptory, 
conveyed to him as a telling command in 
words implying total abstinence. At the 
start the patient often reacts indifferently 
to this strict injunction, for he regards 
nature as the villain that produces disease, 
and he is used to hire a doctor to cure it, 
so that he takes exception to a suggestion 
that the discomfort he suffers has been 
wrought at his own hand. When he is in 
this petulant mood, it takes time and pa- 
tience to convince him of the seriousness 
of his illness. Even when he bends in under- 
standing, he continues to plead for a re- 
duced ration of the spirits which he has 
been told are poison to him, but the physi- 
cian must stand firm, for nothing short of 
complete weaning will halt the march of 
the cardiac fibrosis. 

Because the patient is usually over- 
weight, his adherence to a reducing diet 
is to be urged, in the knowledge that he 
cannot lessen his grossness without fore- 
going alcohol. 

The late phase. The late stage is rec- 
ognized when breathlessness is a prominent 
symptom, and when the heart shows con- 
siderable enlargement with characteristic 
signs of heart failure. More severe changes 
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have taken place in the myocardium, and 
the damage now is irretrievable. Because 
the characteristic signs in the electro- 
cardiogram have been obscured by greater 
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Fig. 12. Deep S wave in Leads II and III; absent S 
in Lead I in 2 patients. QRS is a little wide. 
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deformities, heart failure from coronary 
arterial disease is often mistakenly di- 
agnosed for alcoholic cardiomyopathy. 

Treatment here has no high aspiration, 
and it is directed solely to the relief of the 
symptoms of heart failure. Thus, the intake 
of salt and fluid is restricted, and digitalis 
is prescribed along with oral diuretics. 
Thiamine should be added if a beriberi 
syndrome has supervened. 

At its best, however, therapy at this 
stage can be little more than a palliative 
arrangement, for the opportunity to do 
real good has passed. This realization should 
spur effort to conclude an early diagnosis 
in order to introduce treatment before hope 
of recovery has faded. 


Summary 


Alcoholic cardiomyopathy is a common 
condition, and there are many reasons why 
our acceptance of this truth has been so 
long delayed. First, the stealth with which 
the condition sets in has made its recogni- 
tion difficult. Next, the clinican has been 
accustomed to watch the deleterious effects 
of alcohol on the liver in the shape of 
fibrosis, and on the mind in the form of 
delirium tremens, and has been inattentive 
to its cardiotoxic effects unless these pre- 
sented as the rare syndrome of beriberi. 
Again, the sparsity hitherto of signs which 
give proof that heavy spirit-drinking has 
caused heart failure, especially when a 
history of such overindulgence has been 
carefully concealed, has frustrated a true 
diagnosis. Moreover, whenever the electro- 
cardiographic changes, here attributed to 
alcoholic cardiomyopathy, have been dis- 
covered in a patient with or without chest 
pain, they have too often been wrongly 
attributed to coronary arterial disease. 
Similarly, an abnormal rhythm like auricu- 
lar fibrillation, when unassociated with one 
of its common causes, has been regarded too 
readily as arising from coronary disease. 

The patient, more often male than fe- 
male, is about middle age, and often a 
successful man of business. As a rule he is 
overweight, and this is often accepted as the 
cause of his moderate breathlessness, which 
is the most common presenting symptom. 
If palpitation should be the chief complaint, 
extrasystoles may be discovered alongside 
a moderate tachycardia, or the arrhythmia 
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may take the form of paroxysmal or estab- 
lished auricular fibrillation. Other signs of 
cardio-arterial derangement are sparse or 
absent, although radiologically some slight 
enlargement of the heart may be detected. 

During this early phase of the illness, 
when the changes in the myocardium are 
limited and scattered, the electrocardio- 
gram can be a princely test, for it will show 
distinctive signs which compel a more per- 
sistent questioning of the patient in regard 
to his drinking habits. Such electrocardio- 
graphic signs include some form of ar- 
rhythmia, like extrasystoles, which are 
usually multiple and arise from diverse 
foci and occur in the presence of a moderate 
tachycardia, or auricular fibrillation. The 
T waves are deformed in a distinctive way, 
presenting a spinous, cloyen, or dimple 
design, patterns which are not seen by 
themselves in the electrocardiogram of cor- 
onary arterial disease. Recognition of the 
illness at this stage is rewarding, because 
abstinence from spirit-drinking can halt the 
march of fibrosis in the myocardium and 
restore the patient to his customary health. 

To miss the diagnosis, or to ignore advice 
on complete abstinence from spirit-drink- 
ing, leads inevitably to the more serious 
phase of the illness from more prolific 
myocardial fibrosis. In this event, breath- 
lessness has progressed to become a menac- 
ing symptom, and the more obvious signs 
of heart failure make their appearance. 
These include a prominent venous pulse, 
systolic murmurs from mitral and tricuspid 
regurgitation, triple heart rhythm, con- 
siderable cardiac enlargement, pulmonary 
congestion, hepatic distention, and edema. 
The ECG changes are now more obvious, 
and the earlier distinctive T-wave patterns 
are submerged either by an arrhythmia, 
bundle branch block, complete heart block, 
or by a more frank inversion of the T. An 
S.S; pattern is often added. Treatment in 
this circumstance can only be palliative 
in nature and directed to the alleviation 
of heart failure, for complete abstinence 
from spirit-drinking cannot alter the sub- 
stantial myocardial changes. Thus, digitali- 
zation, oral diuretics, restricted intake of 
fluid and sodium, and thiamine, if the 
syndrome of beriberi has been added, are the 
orthodox remedies to be given, but without 
hope of producing lasting improvement. 
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salutary lessons collected from a 
of alcoholic cardiomyopathy are that 
ndition is common, and that it com- 
goes unrecognized until it reaches a 
it which the myocardial fibrosis can 
r be halted nor improved by any 
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can arrest the myocardial injury. Clearly, 
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therefore, the need is for early recognition 
of the condition, when attention to its dis- 
tinctive electrocardiogram will make this 
possible. 
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Annotations 


The use of low-sodium diets, diuretics, and digitalis 
occupies a time-honored and rather well-defined 
role in the therapy of cardiac patients. However, 
in spite of the vigorous and correct use of such 
methods the general practitioner, as well as the 
consulting cardiologists, is all too often faced with 
patients who are seemingly refractory to all types 
of currently accepted medical and surgical therapy. 

The matter of how much water to allow the 
cardiac patient is much less clear, and the marked 
restriction of water has been questioned by several 
workers.!2 The majority of physicians probably 
permit patients with cardiac problems to take 
liquids ad libitum. The intake of water is then 
dependent on the sensation of thirst, which varies 
from patient to patient, is influenced by habit and 
environmental circumstances, and may even be 
depressed because of cardiac failure. This permissive 
approach usually means that the volume of liquids 
imbibed is much less than the minimum require- 
ment for the optimal elimination of the retained 
sodium and water. There have been studies which 
demonstrated that the volume of liquid imbibed 
during a low-sodium regimen is a most important 
factor in the results obtained.*-* 

In regard to potassium a considerable literature 
has accumulated, indicating that in cardiac failure 
there is usually an intracellular deficit of potassium 
even though the levels of serum potassium seem to 
he normal. Selye’? has suggested experimentally that 
potassium exerts a “protective role’’ on the myo- 
cardium. Furthermore, successful diuresis causes 
added loss of potassium, particularly if the newer 
saluretic drugs are used. Thus, it is quite possible 
that potassium, too, may be an important part of 
the therapy of every cardiac patient, with due 
regard to the renal involvement present. 

Recently, a report was made of the experience of 
several years with a large group of patients in 
whom careful attention was paid to the intake of 
water and the supplementary use of potassium.® 
The regimen evolved is quite similar to that generally 
accepted for cardiac patients in terms of restriction 
of sodium and adequate intake of protein. The 
essential difference is in the fact that water was 
actually prescribed in each case in amounts which 
usually averaged between 2,500 and 3,000 c.c. 
daily as natural water. This high intake of water is 
similar in amount to that used in the studies 
previously alluded to and, in our experience, much 
higher than the intake in the patient who is allowed 
water ad libitum. 
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On the neglected role of 
water and potassium in cardiovascular therapy 


Potassium chloride, 1.5 to 3 Gm., was also given 
daily in divided doses. Levels of serum potassium 
were maintained above 4.2 mEq. per liter, since 
at levels below this value, electrocardiographic signs 
of low potassium, extrasystoles, and paroxysmal 
tachycardias were often encountered. We believe, 
therefore, that the commonly used lower limit of 
normal of serum potassium, i.e., 3.7 mEq. per liter, 
may represent hypopotassemia for cardiac patients. 

This approach was used with surprising and 
gratifying clinical success in practically all types of 
cardiac involvement, i.e., cardiac failure (particularly 
the refractory type), hypertension, angina pectoris, 
and chronic cor pulmonale. In many instances it 
was possible to decrease and even discontinue the 
use of diuretics, digitalis, and the various hypoten- 
sive agents. Most important of all the patient's 
weight and sense of improvement were the major 
parameters of successful use of the regimen. Natu- 
rally, some practice on the part of the physician 
is necessary to titrate each individual case, as is an 
acquaintance with some of the reasons for seeming 
failure as detailed in the report.® 

Resano® has independently studied a group of 26 
cardiac patients in great detail, using the principles 
of this regimen. His findings are extremely interest- 
ing, not only because he was able to achieve success 
but because of his observations. If the intake of 
water was kept at levels of 1,500 to 2,000 c.c., then 
intake and output were approximately equal. How- 
ever, when he increased the intake of water of his 
patients to 2,500 c.c., he achieved a diuresis of at 
least 3,000 c.c., or, in other words, output exceeded 
intake by 500 c.c. Finally, at these levels of higher 
intake he did not observe the so-called ‘‘dilution 
syndrome.” 

These findings make it appear likely that water 
and potassium are of more value in the therapeutic 
armamentarium for cardiovascular disease than 
is commonly realized. It is suggested that the 
observations on the ad libitum use of water, as well 
as the benefits to be derived from a higher intake 
of water by patients with cardiovascular disease, 
can be easily checked by almost any physician who 
sees general medical cases. Finally, more studies 
are needed in order to clearly delineate the usefulness 
and mechanisms of the low-sodium, high-water, 
high-potassium regimen. 

Demetrio Sodi-Pallares, M.D. 


Burton J. Polansky, M.D. 
Mexico City, Mexico 
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Significance of 
reticuloendothelial cells in atherosclerosis 


The relationship between lipid metabolism and 
atherosclerosis has led to investigations into the 
part played by cells of the reticuloendothelial 
system in both these processes. It has been thought 
for many years that reticuloendothelial cells may 
be involved in lipid metabolism,!* and the presence 
of macrophages in plaques in the walls of blood 
vessels suggests that these cells may also be im- 
portant in the pathology of atherosclerosis. Recent 
work indicates that Kupffer cells of the liver and the 
tissue macrophages may influence the development 
of experimental atherosclerosis in two distinct ways. 

It appears that the Kupffer cells may have some 
special role in removing cholesterol from the blood 
stream. After the feeding of cholesterol to, or the 
intravenous injection of turbid hypercholesterolemic 
serum into, rats, the Kupffer cells were found to be 
filled with cholesterol. These cells have also been 
shown to have a significantly higher content of 
cholesterol and cholesterol ester than do the hepatic 
parenchymal cells. The breakdown and subsequent 
excretion of cholesterol also appears to be related 
to the activity of the Kupffer cells. In rats fed on a 
high-fat, high-cholesterol diet, it has been found 
that if the activity of the reticuloendothelial system 
is stimulated b¥ intravenous injections of zymosan, 
the levels of cholesterol, cholesterol ester, and tri- 
glycerides in the plasma and liver are significantly 
lower than in control animals.® These findings suggest 
that the concentration of cholesterol in the plasma 
and other tissues may be related to the activity 
of the Kupffer cells. 

In regard to the atherosclerotic lesion itself, 
macrophage cells filled with lipid have been shown 
to attach themselves specifically to areas of the 
aorta overlying atheromatous plaques.* These cells 
have been seen passing through the aortic endo- 
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thelium in cholesterol-fed rabbits. It is not known 
whether these macrophages are in the process of 
leaving the blood stream or whether they are being 
mobilized from within the arterial wall. 

It may be that macrophages play some part in 
preventing the accumulation of lipids in the tissues. 
Macrophages could do this in two ways. They 
could ingest the material and transport it to some 
other site, such as the lungs or the gut, where it 
may be excreted, or they could take up the lipid 
and metabolize it themselves. The movement of 
lipid-filled macrophages into or out of the arterial 
wall has been mentioned. In ear chambers, which 
were established in cholesterol-fed rabbits, mac- 
rophages have been seen lying alongside the growing 
tips of blood capillaries, and these cells exhibit 
the characteristic birefringence associated with the 
spherocrystals of cholesterol when cholesterol is 
seen under polarized light.” Reticular cells in lymph 
nodes also take up and store cholesterol and choles- 
terol esters readily.® 

Once in the macrophage, the lipids are exposed to 
the enzyme systems of the cell. Histologically, 
macrophages that have taken up cholesterol show 
an increased sudanophilia after a few days. This 
change is associated with the accumulation of 
fatty acids within the cells. Cholesterol can be 
esterified and cholesterol esters can be hydrolyzed by 
macrophages,® and these cells are also capable of 
hydrolyzing and oxidizing triglycerides and fatty 
acids to carbon dioxide and water.’° The exact 
significance of these transformations is not yet 
known, but they may be related in some way to 
the role of these cells in removing lipids which 
accumulate in relatively avascular areas of the body. 

Bede Morris, D.Phil. 
Canberra, Australia 
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Pulmonary second sound in the 


tetralogy of Fallot 


The second heart sound in the pulmonary area in 
patients with cyanotic tetralogy of Fallot is single 
and produced by closure of the aortic valve (Az), 
the pulmonary element being inaudible and only 
rarely recorded in the phonocardiogram.'* It has 
been suggested that the absence of the pulmonary 
component (P2) in Fallot’s tetralogy is due to low 
levels of pulmonary flow, most of the right ventric- 
ular output being shunted to the systemic circula- 
tion.? This was supported by the appearance of P2 
after pulmonary valvotomy or subclavian-pulmo- 
nary anastomosis,? when the pulmonary flow in- 
creases, and by not uncommonly recording Pz» in 
the so-called acyanotic tetralogy, in which the 
pulmonary flow is not diminished. Comparison of 
the magnitude of pulmonary flow of patients with 
pulmonary stenosis and that of patients with Fallot’s 
tetralogy shows that it may be quite low in cases 
of severe pulmonary stenosis and comparable to the 
levels observed in the average case of cyanotic 
tetralogy.? In severe pulmonary stenosis, however, 
P; is not uncommonly recorded.* Investigation of the 
effect of norepinephrine in pulmonary stenosis and 
in the tetralogy showed that accentuation of P2 
or its appearance on the phonocardiogram, if it 
was not recorded prior to the administration of the 
amine, will frequently occur in severe pulmonary 
stenosis, but not in the tetralogy.’ It seems likely, 
therefore, that other factors in addition to pressure 
(and flow) are responsible for the absence of Pe 
in the tetralogy. Such factors may be: (a) deformity 
of the pulmonary valve and hypoplastic main 
pulmonary artery, resulting in inadequate cusp 
excursion toward the closed position; (b) dorsal 
displacement of the pulmonary valve and artery 


accompanying the aortic override.* In view of the 
poor conduction of sound through the lung tissue® 
this results in attenuation of Ps, whereas the frontal 
position of the aorta is held responsible for the 
loud Az. Maximal dorsal displacement of the pulmo- 
nary valve is encountered in transposition of the 
great vessels: absence of P2 with loud Ag have, in 
fact, been described in transposition with pulmonary 
stenosis.*:!9 Absence of P2 is also noted in transposi- 
tion with increased pulmonary flow and normal 
pulmonary arterial pressure.!! Conversely, absence 
of aortic override is probably, at least in part, 
responsible for the audible P: in several cases of 
acyanotic tetralogy. As a final point, it may be 
mentioned that, when distance is not involved, 
as in intracardiac phonocardiograms, P>» is invariably 
recorded in patients with the tetralogy.” 


G. A. Bousvaros, M.D. 
Ottawa, Canada 
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Medicine versus science 


The goal of science is the discovery of truth, whereas 
the goal of medicine is the prevention and cure of 
disease in man. Usually, these two goals can be 
harmonized and science can be harnessed to serve 
medicine, but there are conflicts, and the issues in 
such conflicts should be made as clear as possible. 

It is often said, for example, that the burden of 
proof rests with the physician who states that a 
drug or form of treatment is beneficial in a certain 
disease, and, in a scientific sense, this is justified. 
Is the implication, however, that all physicians 
should withhold such treatment until proof of its 
efficacy is incontrovertible, equally justified? Such a 
position is in accord with the traditions of science, 
but it may sometimes be challenged from the point 
of view of medicine. 

Suppose, for example, that a new drug is available 
for the treatment of a chronic disease. Suppose also 
that it has been demonstrated that its short-term, 
and even long-term, side actions are negligible, 
and that it is not demonstrably toxic. Suppose 
also that the disease it is purported to control is 
not only productive of morbidity but potentially 
lethal, and that because of its chronicity an in- 
controvertible answer with reference to efficacy 
of drug therapy will not be available for 15 to 20 
years. Where is the moral burden here from the 
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point of view of medicine and its goals? Is it justified 
to withhold such treatment in the name of science? 
It seems to me that when there is a reasonable 
chance that a form of treatment may be effective, 
and if there are not demonstrable adverse effects, 
the patient should be given the benefit of doubt. 
The saving of life is more important than proving a 
point. On the other hand, if the doubt as to efficacy 
is strong enough and the evidence as to lack of 
toxicity is weak enough, such treatment should be 
withheld. This is one of the areas in which the 
erudition and judgment of the individual physician 
has its greatest exercise. There is a region of doubt 
in this area, moreover, where the scientific evalua- 
tion of the efficacy of treatment in a controlled ex- 
periment involving the planned exhibition as well 
as the withholding of the drug is needed and justi- 
fiable. It cannot be overemphasized, however, that 
for the individual physician the decision to pre- 
scribe or not to prescribe may be a moral one pending 
rigid scientific proof or disproof of the efficacy of 
a drug. If the goal of science has been attained and 
such evidence is available, there is no conflict. 
In the interim, however, the goal of medicine must 
still be pursued. 
Milton Mendlowitz, M.D. 
New York, N. Y. 


The kinked left innominate vein 


A certain charm lies in original observations about 
simple phenomena, especially when these must 
have been seen repeatedly but passed unnoticed 
by others. In 1935, L. G. Sabathié! drew attention 
to engorgement of the left external jugular vein as 
“un nuevo signo periférico en las aortopatias.”’ 


However, the sign, and Sabathié’s observation of 
it, appear to have largely escaped the notice of 
English-speaking cardiologists until 1960, when 
K. S. Smith? described the significance of the 
“kinked left innominate vein,” and G. Lista® 
drew attention to the priority of Sabathié. 
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Both Sabathié and Smith published convincing 
photographs of unilateral, or predominantly uni- 
lateral, engorgement of the left external jugular 
vein. Theoretically, the anatomic disposition of the 
left innominate vein makes it easy to understand 
how the vein might be compressed should the aortic 
arch rise higher than its usual position. Pertinent 
here is the relatively low pressure of blood in the 
thin-walled innominate vein and the anterior loca- 
tion of the vessel close to the bony thorax, where 
it may readily be compressed by any expanding 
structure, including an aortic arch. High arterial 
pressure may displace the aortic arch upward and 
unfold it, whereas arteriosclerosis may allow elonga- 
tion even in the absence of hypertension. Similar 
changes in the arterial trunks that spring from the 
arch behind the left innominate vein may contribute 
to the compression. A rigid aortic arch, often found 
with atheroma and calcification, is more likely to 
interfere with neighboring venous flow than is an 
aorta dilated dynamically and exerting only in- 
termittent pressure. 

All five of Smith’s published cases had arterial 
hypertension, and radiographs indicated an ab- 
normally high aortic arch, plus either unfolding 
or obvious atheroma. There was no evidence of 
other cause of left innominate vein obstruction. 
Venous pressure measurements showed elevation 
in the venous system of the left arm as well as the 
left side of the neck, indicating obstruction proximal 
to the junction of subclavian and innominate veins. 
Sabathié had also recorded similar radiographic 
findings in such cases and noted that the venous 
pressure in the left antecubital vein was higher 
than that in the right. 
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Smith pointed out that the unilateral engorgement 
of the left external jugular vein, as a sign of a 
kinked left innominate vein, is in some ways a 
counterpart of the kinked right common carotid 
artery described by Parkinson and Bedford, 
both signs being attributed to a high and probably 
rigid aortic arch. Clinically, a systolic thrust or 
pulsation visible or palpable at the upper chest or 
suprasternal notch may permit diagnosis of an 
enlarged or elongated aortic arch. Otherwise, there 
are few dependable signs. The kinked right carotid 
artery is a valuable sign but is almost entirely 
confined to women. The unilateral engorgement of 
the left external jugular vein is an additional 
important piece of evidence and is found as often 
in men as in women. Both Sabathié and Smith 
admitted that other causes of obstruction of the left 
innominate vein could also produce the sign, for 
example, neoplasm. 
J. H. Tyrer, M.D., F.R.A.C.P. 
Brisbane, Australia 
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Book reviews 


Visu.... Alps IN CARDIOLOGIC DIAGNOSIS AND TREAT- 
MENT. Edited by Arthur M. Master, Consultant 
in Cardiology, The Mt. Sinai Hospital, New York; 
Chairman, Cardiovascular Disease Section, Com- 
mittee on Scientific Program, American College of 
Chesi Physicians, June, 1959; and Ephraim Donoso, 
M.D., Research Assistant in Cardiology, The Mt. 
Sinai Hospital, New York. New York, 1960, Grune 
& Stratton, Inc., 216 pages. Price $10. 


Merlin had the difficult task of building up the 
magical powers of the sword Excalibur without 
detracting from its wielder King Arthur. His 
aim was to make the King appear fortunately 
blessed in possessing such a weapon but also 
neither unskillful nor naive in trusting the 
magic blade. The editors and authors of this 
volume were faced with an analogous difficulty 
in crediting instrumental advance without dis- 
crediting clinical acumen. 

There are several well-written, well-illustrated 
chapters which can serve as concise reference 
summaries for the general medical reader— 
specifically, those chapters on shunt localization 
by indicator-dilution techniques, angiocardiog- 
raphy, and selective angiocardiography. As may 
be expected in a collection originating from a sym- 
posium, there are also “‘filler’’ chapters of only 
transient worth. Chapters of intermediate quality 
are concerned largely with defining or exercising 
the special vocabularies in the different areas of 
cardiographic or cardiologic interest. (In this 
connection, the published recommendations of 
the New York Heart Association as to nomencla- 
ture did mot influence the choice of terms in the 
phonocardiographic discussion of valvular re- 
gurgitation.) One item which will provoke the 
curiosity or skepticism of physicians is the mere 
mention of a pathognomonic third sound de- 
tected in the right ventricular phonocardiogram 
in constrictive pericarditis; no discussion or 
explanation of the distinctive nature of the finding 
is given. 

So many of the authors saluted the organized 
team that this reader has come to hope that 
further aids and advances in cardiologic diagnosis 
and treatment will permit a return of emphasis 
toward heightened individual competence and 
away from a feudal division of cerebration and 
responsibility. 
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CARDIOVASCULAR D1IsEASEs. By David Scherf, M.D., 
F.A.C.P., Professor of Clinical Medicine, New York 
Medical College, Flower and Fifth Avenue Hospitals; 
and Linn J. Boyd, M.D., F.A.C.P., Professor and 
Director of Medicine, Flower and Fifth Avenue 
Hospitals, New York. Third edition, New York, 
1958, Grune & Stratton, Inc., 829 pages. Price $18.50. 


It has been nearly ten years since the second edition 
of this textbook appeared, and during that time 
great strides in medical progress have been 
made. Not the least of these advances has been 
in cardiology, such as electrocardiography, cardiac 
catheterization, angiocardiography, and the diag- 
nostic enzymes. The book is written with em- 
phasis on historical data, physical diagnosis, 
and clinical judgment, and this is certainly 
worth while, but it is unfortunate that more 
detail was not devoted to these more recent 
diagnostic procedures. 

The paucity of electrocardiographic illustra- 
tions is a shortcoming, and the reader is told 
that he must purchase the authors’ text on that 
subject for more comprehensive information. 
Some of the electrocardiograms shown are not 
labeled, and as such may be confusing. Much 
of the information is derived from the wide and 
varied experience of the authors and is written 
from such a standpoint in a style that is enjoyable 
and easily read. There is an extensive bibliog- 
raphy with complete titles, and many classic 
articles are included. 

In a work covering the broad field of cardio- 
vascular disease there are bound to be ideas 
that will not meet general agreement. The 
authors’ awareness of this is indicated in the 
statement, ‘‘When the use of leeches is recom- 
mended, one often encounters a smile of pity.” 
The use of leeches is suggested for acute en- 
gorgement of the liver in congestive heart failure 
and thrombophlebitis. In light of more recent 
therapeutic agents this hardly seems necessary. 
Despite these objections and a few others the 
book covers the field of cardiovascular disease 
in an informative and entertaining manner. 
Students and interns will find the book useful, 
but it is not recommended for specialists in the 
field. 


Announcements 


The University of Colorado School of Medicine 
announces the CocHEMs CoMPETITION, funds for 
which were provided in the will of the late Mrs. 
Jane Nugent Cochems. A prize of $2,500 will be 
awarded to the author of the best paper on the 
subject of “The Diagnosis, Etiology and Treatment 
of Thrombophlebitis.” The competition is open to 
all physicians, and entries must be received, in 
triplicate, on or before Oct. 1, 1961. 

The Colorado National Bank of Denver, Trustee 
under the will of Jane Nugent Cochems, has re- 
quested the Dean of the University of Colorado 
School of Medicine to conduct the competition. The 
judges, appointed by him, are Dr. Michael E. 
DeBakey, Professor and Head of the Department of 
Surgery, Baylor University College of Medicine, and 
Dr. Sol Sherry, Professor of Medicine, Washington 
University School of Medicine. 

Papers submitted in the competition may not be 
published until after the winner of the competition 
has been announced. At that time, the winning paper 
and all others may be published at the discretion of 
individual authors. It should be noted, however, 
that those involved in conducting the competition 
will not assume any responsibility for submitting 
manuscripts for publication nor for any costs in- 
cident thereto. The winning paper, if published, 
must carry the designation, ‘Awarded the Jane 
Nugent Cochems Prize.” 

Questions regarding the competition and all 
manuscripts should be directed to Dr. Robert J. 
Glaser, Vice-President for Medical Affairs and Dean 
of the University of Colorado School of Medicine, 
University of Colorado Medical Center, 4200 East 
Ninth Avenue, Denver 20, Colo. 


A seminar on PEDIATRIC CARDIOLOGY, sponsored 
by the medical staff, will be held at Childrens 
Memorial Hospital, Omaha, Nebraska, on May 8, 
1961. Principal speakers will be C. Walton Lillehei, 
M.D., Professor of Surgery, University of Minnesota, 
and James W. DuShane, M.D., Section of Pediatrics, 
Mayo Foundation, Associate Professor of Pediatrics, 
University of Minnesota. 

A complete program and registration blank may 
be obtained by writing to Postgraduate Seminar, 
Childrens Memorial Hospital, Omaha 5, Nebraska. 


CouRSES FOR PHYSICIANS IN NONSURGICAL 
METHOD OF REVIVING StopPED Hearts. The Ameri- 
can Heart Association has announced that it has 
scheduled 20 half-day courses in nine cities through- 
out the nation in which physicians will be instructed 
in a new, nonsurgical method of restoring the beat 
to a stopped heart. The first of these teaching ses- 
sions was held on January 25, in New York City, 
for invited physicians from the upper Atlantic region. 


Known as “closed chest cardiac resuscitation,” 
the new technique has received wide attention in the 
medical profession since it was first described some 
months ago by a team of scientists at Johns Hopkins 
Hospital (Baltimore). The Johns Hopkins team, 
which includes Dr. W. B. Kouwenhoven, Dr. James 
R. Jude, and Dr. G. Guy Knickerbocker, has agreed 
to serve as instructors for the courses sponsored 
by the Heart Association. In addition, the February 
issue of the Heart Association’s monthly publication 
for physicians, Modern Concepts of Cardiovascular 
Disease, was devoted to an article on this subject 
by the Johns Hopkins group. 

Previous methods of starting up a stopped heart 
required either administration of an electric shock 
or opening of the chest in order to massage the heart 
by hand. In the closed chest technique, reliance is 
placed primarily on controlled, intermittent pressure 
of the hands placed over the patient’s breastbone. 

When correctly applied, this method has been 
found to be successful in restoring the heartbeat 
in 70 per cent of cases. Its application by untrained 
persons is not without hazard, however, and for this 
reason the professional teaching institutes have been 
arranged. Physicians invited to attend the first 20 
courses will be expected to conduct similar teaching 
sessions for other doctors in their home communities, 
the Heart Association said, with a view to dis- 
seminating information on the new technique 
throughout the United States. It is not planned at 
the present time to teach the method to nonprofes- 
sional persons. 

Physicians who wish to attend one of these teach- 
ing sessions are asked to communicate with their 
local Heart Association affiliate. In each case, separ- 
ate morning and afternoon courses of 3 hours will 
be held, with attendance at each limited to 50 
physicians. In addition to the opening sessions in 
New York, courses were scheduled for February 1 
in Los Angeles, and subsequently in other cities 
to be announced. 


The Annual Convention of the NATIONAL GERI- 
ATrics Society, will be held on May 1-4, 1961, at 
the St. Francis Hotel, San Francisco, Calif. 

For further information write to Ira O. Wallace, 
President, National Geriatrics Society, 5 Park 
Towne South, Philadelphia 30, Pa. 


